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significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas      . — 

(216)433-4000. 
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Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
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This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-15479/TN —~ ' 
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1051  Inhibiting  Bacterial  Growth  in  Surimi  Products 
Testing  &  Instrumentation 

1052  Sulfite  Analysis  in  Food 

Computers 

Software 

1054      Microcomputer  Applications  Development  Software — 

SAGE 

Prototype  Compiler  for  Estelle 

Programs  To  Aid  FORTRAN  Programming  — 

Program-development  time  is  decreased  while 

program  quality  is  increased. 

Program  for  Automated  Real-Time  Monitoring  — 

Process-control  decisions  are  made  by  applying  rules 

to  process  data  streams. 

Other  items  of  Interest 

1118      Molecular  Computer  Graphics 

Electrotechnology 

1 058  Fast  P-Type  Transistor  —  Strained  quantum  well 
field-effect  transistor  developed 

1059  New  Real-Time  Doppler  Radar  Data  Processing  and 
Product  Generation  System 

1060  Comparison  between  Calculated  and  Measured 
Forward  and  Reverse  Current-Voltage  Characteristics 

1 061  Calibration  Services  for  AC/DC  Thermal  Voltage  and 
Current  Converters 

1 062  Precision  Voltage  Step  Generator  Designed 

1063  Gain-Compensating  Circuit  for  NDE  and  Ultrasonics 
—  More  information  can  be  retrieved  from  high-loss 
materials. 

1064  Trellis-Coded  Modulation  for  Fading  Channels  — 
Modulation  and  coding  are  designed  together  for  best 
performance. 

1 065  Visual  Speech-Training  Aid  for  the  Deaf  —  This 
system  enables  a  student  to  compare  his/her  sound 
with  the  "correct"  sound.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

1066  Test  Methodology  for  Adaptive  Antenna  Systems 

1 067  CCD  Luminescence  Camera  —  A  new  diagnostic  tool 
is  used  to  understand  performance  and  failures  of 
microelectronic  devices. 

1 068  Pulse  Test  of  Coil  Insulation  —  The  waveform  of  the 
back-electromotive  force  reveals  defects.  (Licensing 
Opportunity) 

Energy 

1070  Guide  Available  for  Making  Economic  Energy 
Decisions 

1071  Thermal  and  Electrical  Recharging  of  Sodium/Sulfur 
Cells  —  An  efficiency  as  high  as  60  percent  may  be 
achieved. 


Engineering 

1072  Alarm  Filtering  System 

1073  Variable  Restriction  Grid  Plate  for  Fluidized  Beds 

1074  Transport  Line  Leak  Detection  System 

1075  Earthquake  Studies  on  Full-Scale  Bridge  Columns 

1076  High-Capacity  Drag  Enbedment  Anchor  Developed 

1077  Composite  Piston-Cap  Structure  —  The  design 
eliminates  thermal  stress  between  the  composite  cap 
and  the  metal  piston. 

1078  Backlash-Free  Locking  Hinge  —  Tight  joints  are 
achieved  without  precisely  machined  parts.  (Licensing 
Opportunity) 

1 079  Economical  Joint  for  Truss  Structures  —  Mass- 
produced  flat  parts  can  be  easily  assembled.  (Licens- 
ing Opportunity) 

1 080  Approximate  Feedback  Control  for  a  System  With 
Memory  — The  nearly  optimal  feedback  gain  can  be 
calculated. 

1081  Simulating  Building  Fires  for  Movies  —  Realistic 
scenes  are  staged  inexpensively. 

Testing  &  Instrumentation 

1082  Fire  Detection  for  Noncoal  Underground  Mines 

1083  Hydraulic  Fatigue-Testing  Machine  —  Multiple 
specimens  are  tested  simultaneously.  (Licensing 
Opportunity) 

Environmental  Science  &  Technology 

1084  Leaking  Underground  Storage  Tanks  —  Remediation 
with  Emphasis  on  In  Situ  Biorestoration 

1 085  ROADWAY— A  Numerical  Model  for  Predicting  Air 
Pollutants  Near  Highways  —  User's  Guide 

1086  Respiratory  Protection  for  the  Asbestos  Abatement 
Industry  —  An  updated  guide  gives  practical  guidance 

Software 

1087  Urban  Airshed  Model 
Testing  &  Instrumentation 

1088  Development  and  Evaluation  of  a  Real-Time  pH  and 
Conductivity  Rain  Monitor 

1089  Borehole  Sensing  Methods  for  Ground-Water  Investi- 
gations at  Hazardous  Waste  Sites 

Other  items  of  Interest 

1 126      Natural  Resource  Damage  Assessment  Model  for 
Coastal  and  Marine  Environments  (NRDAM  CME) 
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1090  Blinded  Metering  Valve  for  Pneumatic  Transfer  of 
Abrasive  Solids 

1091  Control  of  Welding  Processes 

1 092  IMDAS  Provides  Interface  from  Generated  Data  to 
Control  Modules 

1093  Vertical  Workstation  Capabilities  Enhanced 

1094  Lapping  and  Polishing  an  Elliptical  Bore  —  A  numeri- 
cally controlled  milling  machine  is  modified  to  make 
the  head  reciprocate. 
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Manufacturing,  Machinery,  &  Tools  (Cont.) 

1 095  Spray  Gun  With  Constant  Mixing  Ratio  —  A  light- 
weight mechanism  would  maintain  the  desired  ratio  of 
two  components.  (Licensing  Opportunity) 

1 096  Bonded-Plate  Airfoil  Construction  —  A  new  technique 
offers  greater  capabilities  for  wind-tunnel  researchers. 

1097  Portable  Slot-Sizing  Tool  —  Field  modifications  can 
be  done  with  this  tool  made  from  commercially 
available  parts. 

1 098  Metal-Clad  Graphite/Epoxy  Tubes  —  Structural  parts 
feature  low  weight,  low  thermal  expansion,  and  high 
stiffness.  (Licensing  Opportunity) 

1 099  Drilling  Holes  in  Graphite/Epoxy  —  A  relatively  long- 
lived  bit  produces  high-quality  holes. 

Testing  &  Instrumentation 

1 100  Nonlinear  Coherence  Function  for  Machinery  Diagno- 
sis —  Vibration  spectra  are  analyzed  for  signs  of 
trouble. 

Materials 
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Optical  Probing  of  Acoustic  Emission  during  Deforma- 
tion of  Microtensile  Specimens 
Hydrogen  Degradation  of  Pipeline  Steels 
Effects  of  Stresses  on  the  Phase  Transformation  of 
NITINOL 

Grain  Refinement  of  Welds  in  Ti-6A1-4V 
Solidification  Effects  in  MAR-M246(Hf)  Alloy  — 
Fatigue  properties  are  degraded  with  crystallographic 
orientations  greater  than  10°  from  the  [001]  axis. 
Fire-  and  Heat-Resistant  Laminating  Resins  —  Imide 
compounds  containing  phosphorus  are  thermally 
polymerized.  (Licensing  Opportunity) 
Reusable  High-Temperature/Cryogenic  Foam- 
Insulation  System  —  Flightweight  insulation  with- 
stands wide  temperature  cycling.  (Licensing  Opportu- 
nity) 

Corrosion  of  SiC  by  Molten  Salt  —  The  surface 
becomes  pitted,  and  strength  decreases. 

Testing  &  Instrumentation 

1 1 09     Resistance  Curve  Approach  to  Predicting  Residual 
Strength  of  Composites 

Test  Methods  for  the  Electrostatic  Properties  of 
Nonhomogeneous  Fabrics 
Groove  Adhesion  Test  for  Electrodeposited  Chro- 
mium 

Grips  for  Lightweight  Tensile  Specimens  —  A  double- 
wedge  design  substantially  increases  gripping  force 
and  reduces  slippage.  (Licensing  Opportunity) 
Statistical  Tests  of  Reliability  of  NDE  —  The  capabili- 
ties of  advanced  material-testing  techniques  are 
analyzed. 

Other  items  of  Interest 

1 1 29      First  Energy  Gap  Measurements  on  Superconducting 
Materials 

Medicine  &  Biology 

1114  High-G  Centrifuge  Training 

1115  Antifibrillartory  Effects  of  Lidocaine  and  Bretylium 
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1113 


1116  Protein  Structures  Studies  through  Computer  Visuali- 
zation 

1117  Computer  Techniques  Make  Possible  the  Measure- 
ments of  Forces  between  Biological  Molecules 

1118  Molecular  Computer  Graphics 

1119  Laboratory  for  Fluorenscence  Dynamics 
Software 

1 120  NLM  (National  Library  of  Medicine)  Chemical  and 
Toxicological  Files  PC  Demo  Disk 

Testing  &  Instrumentation 

1 121  Spectroscopy  Measures  Malarial  Changes  in  Red 
Cells 

Other  items  of  Interest 

1 086      Respiratory  Protection  for  the  Asbestos  Abatement 

Industry  —  An  updated  guide  gives  practical  guidance 

Natural  Resources  Technology  &  Engineer- 
ing 

1 122  NOAA's  Gulf  of  Mexico  Strategic  Assessment  Data 
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Marine  Minerals  Computerized  Data  Base  and 
Bibliography 

1 124  Application  of  Fixed-Bed  Gasification  to  Low-Rank 
Coals 

1 125  Climate  Data  on  Floppy  Disks 
Software 

1 126  Natural  Resource  Damage  Assessment  Model  for 
Coastal  and  Marine  Environments  (NRDAM/CME) 

Testing  &  Instrumentation 

1 1 27  Ultraviolet  Measurements  of  the  Sun  —  A  wealth  of 
experimentation  with  a  spaceborne  spectroscopic  and 
polarimetric  instrument  is  described. 

Other  items  of  Interest 

1088     Development  and  Evaluation  of  a  Real-Time  pH  and 
Conductivity  Rain  Monitor 

Physical  Sciences 

1 128  National  Laser  Users  Facility 
First  Energy  Gap  Measurements  on  Superconducting 
Materials 

OMNITAB  80  —  Statistical  analysis  for  scientists 
Getter  Capsules  for  Heat-Transport  Systems  —  A 
metal  would  absorb  hydrogen  dissolved  in  heat- 
transfer  fluids. 

Determing  Heat  of  Combustion  of  Gaseous  Hydrocar- 
bons —  The  enrichment-oxygen  flow  rate-ratio  is 
related  to  the  heat  of  combustion.  (Licensing  Opportu- 
nity) 

Correlation  of  Catalytic  Rates  With  Solubility  Parame- 
ters —  A  catalyst  maximizes  activity  when  its  solubility 
parameter  equals  that  of  the  reactive  species. 

Software 

1 134  Analysis  of  Droplet  Size  Distribution  in  Insecticide 
Sprays  —  A  microcomputer  program  in  Basic  has 
been  written 

1 135  Graph-Plotting  Routine  —  A  variety  of  scales,  grids, 
and  symbols  are  available. 
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Physical  Sciences  (Cont.) 

Testing  &  Instrumentation 

1 136  Quantitative  Luminescence  Imaging  System  (QLIS) 

1 137  Laboratory  gun  enhances  study  of  high-tech  materials 

1 138  Solid-state  Filter  Facilitates  "Micro  Kjeldahl"  Determi- 
nations 

1 1 39  A  Gravimetric  Technique  for  the  Preparation  of 
Accurate  Trace  Organic  Gas  Standards 

1 1 40  Automated  Vapor-Generation  Instrument  for  the 
Testing  of  Chemical  Microsensors 

1 141  Simplified  Volatile  Organics  Sampler 

1 142  Pulsed  Electron  Gun  —  High-current  pulsed-electron 
gun  has  subnanosecond  rise  times. 

1 143  Scanning  System  for  Laser  Velocimeter  —  Interfer- 
ence fringes  would  remain  parallel  and  focus-spot 
diameter  the  same.  (Licensing  Opportunity) 
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1145 


High-Pressure  Transducer  Package  —  An  enclosure 
for  a  silicon  device  ensures  accurate  measurements 
of  cryogenic  liquids. 

Ionization  Chamber  Measures  Extreme  Ultraviolet  — 
Absolute  photon  fluxes  are  measured  from  50  to  575 


Transportation 

1 146  Catalytic  Layer  Makes  Aircraft  Seats  More  Fire 
Retardant  —  A  catalytic  layer  covered  by  aluminum 
foil  converts  flammable  gases  to  nonflammable 
products.  (Licensing  Opportunity) 

1 147  Waterborne  Commerce  Statistics  Center 
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U.S.  Army  Research 

Natick  RD&E  Center,  Natick,  MA  01760 


Shelf-Life  Extension  of  Fresh  Fruits  and  Vegetables 

Ethylene  gas  absorbing  systems,  composed  of  potassium  permanganate-coated 
alumina,  are  being  evaluated  for  their  ability  to  extend  the  shelf-life  of 
stored  fresh  fruits  and  vegetables.  Ethylene  gas  produced  from  the  respiration 
of  some  fruits,  such  as  apples,  accelerates  senescence  and  loss  of  green  color 
in  immature  fruits,  e.g.,  cucumbers,  squash  and  leafy  vegetables,  and 
accelerates  ripening  of  fruits  during  handling  and  storage. 

Potassium  permanganate,  coated  on  granules  of  alumina  encased  in  a  porous 
blanket  and  placed  in  the  storage  room  airflow,  is  used  to  decompose  the 
ethylene  gas.  This  decomposition  reduces  the  deleterious  effect  that  ethylene 
has  on  most  vegetables. 

A  three-week  snipping  test  to  South  Korea,  in  cooperation  with  Defense 
Subsistence  Region-Pacific,  showed  that  mixed  loads  of  noncompatible  fruits  and 
vegetables  in  the  presence  of  absorbent  arrived  in  very  good  condition,  with 
limited  spoilage.  On  the  other  hand,  spoilage  was  much  more  severe  in  the 
control  van  without  absorbent,  and  several  lots  of  green  vegetables  were 
completely  discarded. 

Several  brands  of  ethylene  absorbents  are  being  technically  as  well  as 
economically  evaluated  in  order  to  provide  a  basis  for  a  government  purchase 
description. 


For  additional  information,  contact: 


Mr.  John  A.  Ayoub 
U.S.  Army  Natick  RD&E  Center 
Natick,  MA  01760-5018 
TEL:   617-651-4914 

or 

Mr.  Robert  Rosenkrans 

Technology  Transfer  Coordinator 

U.S.  Army  Natick  RD&E  Center 

Natick,  MA  01760-5014 

TEL:   617-651-5296 
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m,  NOAA  Technology  Brief 


National  Oceanic  and  Atmospheric  Administration 

National  Marine  Fisheries  Service 
Northwest  and  Alaska  Fisheries  Center 
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Inhibiting  Bacterial  Growth  in  Surimi  Products 


The  production  of  surimi-based  fish  products  is  one  of  the  fastest 
growing  segments  of  the  U.S.  seafood  industry.   It  is  important  that  this 
young  segment  continues  to  produce  high  guality  products  free  of 
microbiological  problems.  Because  there  is  little  published  information 
about  the  microbiology  of  these  products  even  in  Japan  where  the  process 
originated,  NOAA  scientists  are  conducting  research  related  to  inhibiting 
bacterial  growth  in  surimi  products. 

Preliminary  results  of  these  studies  indicate  that  both  the  ingredients 
of  crab  analog  and  processing  and  pasteurization  temperatures  can  be  used  to 
inhibit  and/or  inactivate  the  nonproteolytic  types  of  C_.  botulinum.   (The 
nonproteolytic  types  are  the  more  prevalent  types  of  C_.  botulinum  in  the 
marine  environment  and  are  capable  of  growing  at  refrigerated  temperatures 
as  low  as  38 °F  (3.3°C).  Crab  analogs  containing  at  least  2.4-2.6%  water- 
phase  salt  were  inoculated  with  102  nonproteolytic  types  B  or  E  spores, 
vacuum  packed,  and  stored  at  an  abuse  testing  temperature  of  77°F  (25°C). 
They  did  not  become  toxic  until  after  3-6  days.  When  inoculated  analogs  con- 
taining a  water-phase  salt  level  of  at  least  2.4%  were  stored  at  50°F  (10°C), 
toxin  production  was  inhibited  for  67  days  of  storage.  Under  optimum  growth 
conditions,  toxin  production  would  have  occurred  after  1-2  days  at  77°F  and 
after  10-12  days  at  50°F.  These  results  indicate  that  the  ingredients  of  the 
crab  analog  are  somewhat  inhibitory  to  the  nonproteolytic  C_.  botulinum  types. 
Further  studies  are  in  progress  to  determine:  1)  whether  specific  con- 
centrations of  ingredients  such  as  salt  can  be  increased  to  inhibitory  con- 
centrations without  jeopardizing  consumer  acceptability  and  2)  the  time  and 
temperature  of  the  pasteurization  step  necessary  to  inactivate  the  nonpro- 
teolytic types. 

The  ingredients  and  pasteurization  steps  used  to  prepare  crab  analogs, 
however,  are  inadeguate  to  inhibit  or  inactivate  the  more  resistent  proteolytic 
types  of  C_.  botulinum  and  some  Bacillus  species.  But,  these  organisms  do 
not  grow  below  50°  and  can  be  inhibited  by  proper  refrigeration.  All  surimi 
analog  products  should  be  stored  below  38°F  to  increase  shelf  life  and  to 
provide  additional  assurance  of  product  safety. 

Additional  information  on  the  research  is  available  frcm  NOAA  ORTA, 
Suitland  Professional  Center  (SPC),  Room  307,  Washington,  D.C.  20233. 
Telephone  (301)  763-4240. 
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Natick  RD&E  Center,  Natick,  MA  01760 


Sulfite  Analysis  in  Food 


A  new  analytical  procedure  has  been  developed  for  analyzing  sulfites  in  foods. 
The  procedure  is  simple,  fast  and  reliable  and  enables  one  to  detect  either 
free  or  bound  sulfite  in  a  wide  variety  of  foods  at  levels  as  low  as  0.5  ppm. 
It  is  based  on  anion  exclusion  chromatography,  coupled  with  electrochemical 
detection.  The  currently  accepted  procedure  is  prone  to  error  and  detects 
reliably  down  to  only  50  ppm. 

With  this  new  technology,  thousands  of  food  suppliers  and  processors  and  the 
Federal,  state  and  local  governments  that  have  regulatory  responsibility  would 
benefit  directly  by  being  assured  of  compliance  with  the  FDA  rulings  on  sulfite 
which  went  into  effect  9  January  1987.  One  rule  prohibits  the  use  of  sulfites 
in  any  fresh  fruits  and  vegetables.  Another  ruling,  which  is  crucial  to  those 
consumers  who  are  allergic  to  sulfite,  requires  that  any  processed  food  having 
more  than  10  ppm  total  sulfite  must  be  labeled  to  indicate  the  presence  of  this 
allergen.  This  procedure  will  ensure  that  no  foods  requiring  a  label  would  be 
inadvertently  cleared  because  of  a  false  negative  test. 

Since  the  use  of  sulfite,  where  still  permitted  as  an  antimicrobial, 
antioxidant  and  antibrowning  agent  must  be  controlled,  this  procedure  would 
significantly  shorten  the  turn-around  time  for  getting  the  results  of  such 
analyses.  Most  importantly,  it  will  significantly  increase  our  level  of 
confidence  in  the  foods  we  purchase  by  knowing  that  they  either  are  free  of 
sulfite  or  contain  levels  of  sulfite  that  some  consumers  should  avoid. 


For  additional  information,  contact 


Dr.  Hie-Joon  Kim 
U.S.  Army  Natick  RD&E  Center 
Natick,  MA  01760-5018 
TEL:   617-651-5169 

or 

Mr.  Robert  Rosenkrans 
Technology  Transfer  Coordinator 
U.S.  Army  Natick  RD&E  Center 
Natick,  MA  01760-5014 
TEL:   617-651-5296 
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1054  Microcomputer  Applications  Development  Software — SAGE 

1055  Prototype  Compiler  for  Estelle 

1056  Programs  To  Aid  FORTRAN  Programming  —  Program- 
development  time  is  decreased  while  program  quality  is 
increased. 

1057  Program  for  Automated  Real-Time  Monitoring  —  Process- 
control  decisions  are  made  by  applying  rules  to  process  data 
streams. 

Other  items  of  Interest 

1118  Molecular  Computer  Graphics 


♦ 


♦ 


Computer 
Software 


Technology  Application 


Idaho  National  Engineering  Laboratory 

Microcomputer  Applications  Development  Software — SAGE 


SAGE  is  an  application  development  util- 
ity for  IBM-PC  programming  designed  to 
facilitate  rapid  and  professional  con- 
struction of  systems  on  microcomputers. 
SAGE  applications  may  vary  from  small 
to  large  multiprogram  systems  utilizing 
special  capabilities  which  include  data 
base  storage  and  retrieval,  graphics, 
communications,  formatted  screens  and 
menus,  on-line  helps,  sorting,  editing 
and  many  more. 

Modula-2,  a  programming  language 
which  is  becoming  widely  accepted  as   a 
replacement  for  Pascal,  is  used  in  con- 
junction with  the  SAGE  system. 

Why  is  this  better  than  existing 
technology?  The  SAGE  system  takes 


advantage  of  reusable  Modula-2  software 
and  modularized  building  blocks     As  a 
result,  programming  for  a  specific  appli- 
cation can  be  accomplished  in  as  little  as 
l/10th  the  time. 

Stage  of  development:  In  use  at  the 
INEL,  however  documentation  is  not 
fully  developed 

Potential  uses  and  spinoffs  :   Computer 
software  developers. 

For  Additional  Information: 

Dr.  Jane  M.  Welch 

Manager,  ORTA 

Idaho  National  Engineering  Laboratory 

P.O.  Box  1625 

Idaho  Falls,  ID  83415 

(208)526-8318 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Computer 
Software 


Prototype  Compiler  for  Estelle 


Estelle  is  a  formal  description  technique  for 
computer  communication  protocols  being 
developed  in  the  International  Standards 
Organization  (ISO)  for  specifying  Open 
Systems  Interconnection  (OSI)  protocols. 
It  models  protocols  as  extended  finite  state 
machines,  called  modules,  arranged  in  a 
dynamic  hierarchy.  Modules  communicate 
by  exchanging  interactions  at  named  in- 
teraction points.  The  prototype  compiler 
translates  an  Estelle  formal  description  into 
declarations  in  the  C  language  of  data 
structures  and  procedures.  The  code  must 
be  augmented  with  a  library  of  run-time 
functions  (supplied  with  the  compiler)  and 
certain  implementation-dependent  func- 
tions (written  by  the  user  based  on  sup- 
plied examples).  From  these  elements,  an 
executable  program  can  be  produced  to 
realize  the  behavior  of  the  formal  descrip- 
tion. Because  the  compiler  is  an  early 
prototype,  it  may  not  be  appropriate  for 
some  situations.  However,  it  should  be  a 
useful  tool  for  suitable  users  with  detailed 
knowledge  of  Estelle  and  a  willingness  to 
deal  with  compiler  internals  when  neces- 
sary. The  compiler  was  implemented  using 
the  Unix  4.2bsd  operating  system,  in- 


cluding the  YACC  and  LEX  tools  for  com- 
piler construction.  The  full  compiler  source 
is  provided.  The  compiler  code  and  the 
code  that  it  generates  are  both  in  the  C 
language,  mostly  avoiding  non-portable 
constructs. 

The  program  is  written  in  the  YACC,  LEX, 
and  C  programming  languages  for  imple- 
mentation on  a  VAX  1 1/780  computer  us- 
ing the  Unix  4.2bsd  operating  system. 
200K  bytes  of  core  storage  are  required. 

For  Additional  Information: 

For  information  about  ordering  this  soft- 
ware, contact  the 

NTIS  Computer  Products  Center,  NTIS, 
5285  Port  Royal  Road,  Springfield,  VA 
22161;  (703)  487-4763. 

Refer  to  PB87-171880/NAC 

Source  tape  is  in  the  ASCII  character  set. 
This  restricts  preparation  to  9  track,  one- 
half  inch  tape  only.  Identify  recording  mode 
by  specifying  density  only.  Call  NTIS  Com- 
puter Products  if  you  have  questions.  Price 
includes  documentation,  PB87-171898. 


< 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Programs  To  Aid 
FORTRAN  Programming 


Program-development  time 
is  decreased  while  program 
quality  is  increased. 

The  FORTRAN  Programming  Tools 
(FPT)  are  a  series  of  programming  tools 
used  to  support  the  development  and 
maintenance  of  FORTRAN  77  source 
codes.  Included  are  a  debugging  aid,  a 
central-processing-unit  (CPU)  time- 
monitoring  program,  source-code  main- 
tenance aids,  print  utilities,  and  a  library 
of  useful,  well-documented  programs. 
These  tools  assist  in  reducing  develop- 
ment time  and  encouraging  high-quality 
programming.  Although  intended  primari- 
ly for  FORTRAN  programmers,  some  of 
the  tools  can  be  used  on  data  files  and 
other  programming  languages. 

BUGOUT  is  a  series  of  FPT  programs 
that  have  proven  very  useful  in  debugging 
a  particular  kind  of  error  and  in  optimizing 
CPU-intensive  codes.  The  particular  type 
of  error  is  the  incorrect  addressing  of 
data  or  code  as  a  result  of  subtle 
FORTRAN  errors  that  are  not  caught  by 
the  compiler  or  (necessarily)  at  run  time. 
A  TRACE  option  also  allows  the  program- 
mer to  verify  the  execution  path  of  a  pro- 
gram. The  TIME  option  assists  the  pro- 
grammer in  identifying  the  CPU-intensive 
routines  in  a  program  to  aid  in  optimiza- 
tion studies. 


Program  coding,  maintenance,  and 
print  aids  available  in  FPT  include 
routines  for  the  following: 

•  Building  standard  format  subprogram 
stubs; 

•  Cleaning  up  common  blocks  and 
NAMELIST's; 

•  Removing  all  characters  after  column 
72; 

•  Displaying  two  files  side-by-side  on  a 
VT-100  terminal; 

•  Creating  a  neat  listing  of  a  FORTRAN 
source  code,  including  a  table  of  con- 
tents, an  index,  and  page  headings; 

•  Converting  files  between  VMS  internal 
format  and  standard  carriage-control 
format; 

•  Changing  text  strings  in  a  file  without 
using  EDT;  and 

•  Replacing  tab  characters  with  spaces. 
The  library  of  useful,  documented  pro- 
grams includes  such  things  as  the  follow- 
ing: 

•  Time  and  date  routines; 

•  A  string-categorization  routine; 

•  Routines  for  converting  between  deci- 
mal, hex,  and  octal  representations; 

•  Routines  to  delay  process  execution 
for  a  specified  time; 


•  A  Gaussian  elimination  routine  for  solv- 
ing a  set  of  simultaneous  linear  equa- 
tions; 

•  A  curve-fitting  routine  for  least-squares 
fits  to  polynomial,  exponential,  and 
sinusoidal  forms  (with  a  screen-orient- 
ed editor); 

•  A  cubic-spline  fitting  routine; 

•  A  screen-oriented  array  editor; 

•  Routines  to  support  parsing;  and 

•  Various  terminal-support  routines. 
These  FORTRAN  programming  tools 

are  written  in  FORTRAN  77  and  Assem- 
bler for  interactive  and  batch  execution. 
FPT  is  intended  for  implementation  on 
DEC  VAX-series  computers  operating 
under  VMS.  This  collection  of  program- 
ming tools  was  developed  in  1985. 

This  program  was  written  by  Arthur  E. 
Ragosta  of  Ames  Research  Center 
ARC-11676/TN 


FOR    ADDITIONAL    INFORMATION 
CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


' 


Program  for  Automated 
Real-Time  Monitoring 

Process-control  decisions 
are  made  by  applying  rules 
to  process  data  streams. 


The  Expert  System  Executive  is  a  com- 
puter program  that  demonstrates  the  fea- 
sibility of  automated  real-time  monitoring. 
Real-time  data  monitoring  is  a  decision- 
making process  involving  knowledge  of  the 
system  being  watched  and  inferences 
based  upon  the  observed  data.  Using  the 
Executive,  the  knowledge  of  a  system  is 
formally  coded  as  a  set  of  rules  specifying 
actions  to  be  taken  under  various  condi- 
tions. The  program  makes  inferences 

about  the  observed  data  based  on  the 
rules. 

The  Executive  has  been  tested  by  moni- 
toring the  Space  Shuttle  onboard  naviga- 
tion console,  using  flight  data  from  an  entry 
simulation.  The  test  rule  base  pertaining  to 
onboard  state  vectors  is  included  in  the 
program  documentation.  By  supplying  an 
appropriate  set  of  rules,  the  program  can 
be  adapted  to  such  other  real-time  applica- 


tions as  plant  operations.  Each  rule  must 
contain  a  schedule  of  conditions  and  the 
action  to  be  executed  when  all  its  condi- 
tions are  true. 

When  provided  with  a  set  of  rules  and 
real-time  data,  the  Executive  continuously 
compares  the  current  status  to  the  rule 
conditions,  determines  which  rules  are  ap- 
plicable and  which  are  not,  and  performs 
the  required  action  for  the  applicable  rules. 
The  Executive  has  three  principal  data 
structures:  (1)  an  array  containing  the 
rules,  (2)  an  array  containing  the  condi- 
tions, and  (3)  the  queues  containing  the 
conflict  set.  The  principle  constraint  on  the 
Executive,  as  with  all  real-time  programs,  is 
execution  speed. 

The  Expert  System  Executive  is  written 
in  the  C  language,  which  is  a  highly-effi- 
cient compiled  language  that  allows  faster 
execution  on  conventional  equipment  than 


do  programs  based  on  LISP.  The  C  lan- 
guage is  also  an  efficient  manipulator  of 
large  data  structures,  which  are  used  in  the 
pattern-matching  algorithm. 

The  Expert  System  Executive  is  written 
for  interactive  execution  and  has  been  im- 
plemented on  an  HP  9000-series  compu- 
ter (system  1 805).  This  program  was  devel- 
oped in  1984. 

This  program  was  written  by  Glenn  R. 
Goodrum  of  Johnson  Space  Center. 
MSC-20908/TN 

FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

1 12  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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1058  Fast  P-Type  Transistor  —  Strained  quantum  well  field-effect 
transistor  developed 

1059  New  Real-Time  Doppler  Radar  Data  Processing  and  Product 
Generation  System 

1060  Comparison  between  Calculated  and  Measured  Forward  and 
Reverse  Current-Voltage  Characteristics 

1 061  Calibration  Services  for  AC/DC  Thermal  Voltage  and  Current 
Converters 

1062  Precision  Voltage  Step  Generator  Designed 

1063  Gain-Compensating  Circuit  for  NDE  and  Ultrasonics  —  More 
information  can  be  retrieved  from  high-loss  materials. 

1064  Trellis-Coded  Modulation  for  Fading  Channels  —  Modulation 
and  coding  are  designed  together  for  best  performance. 

1 065  Visual  Speech-Training  Aid  for  the  Deaf  —  This  system 
enables  a  student  to  compare  his/her  sound  with  the  "correct" 
sound.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

1066  Test  Methodology  for  Adaptive  Antenna  Systems 

1 067  CCD  Luminescence  Camera  —  A  new  diagnostic  tool  is  used 
to  understand  performance  and  failures  of  microelectronic 
devices. 

1 068  Pulse  Test  of  Coil  Insulation  —  The  waveform  of  the  back- 
electromotive  force  reveals  defects.  (Licensing  Opportunity) 


Technology  Application 


Fast  P-Type  Transistor 

Strained  quantum  well  field-effect  transistor  developed 


Scientists  at  Sandia  National  Laboratories  have  made 
and  tested  a  new  kind  of  transistor  that  may  open  the 
way  to  extremely  fast  p-channel  transistors. 

P-type  transistors  in  compound  semiconductors  are 
intrinsically  slower  than  the  n-type  variety.  Any  tech- 
nique that  can  boost  their  speed  significantly  could  be 
beneficial  in  applications  ranging  from  high-speed  digi- 
tal integrated  circuits  to  new  kinds  of  microwave  devices. 

The  new  transistor  developed  at  Sandia  is  termed 
a  strained  quantum  well  field-effect  transitor,  or 
SQWFET  (pronounced  "squiffet").  It  is  a  modulation- 
doped  field-effect  transistor  (MODFET)  that  contains  a 
specially  tailored  structure,  a  quantum  well,  designed  to 
speed  the  flow  of  charge  carriers  through  the  material. 
The  latest  version  is  a  p-channel  SQWFET. 

Sandia  scientists  earlier  designed  some  of  the  first 
n-type  SQWFETs,  reported  in  1985  and  1986.  Scientists 
at  the  University  of  Illinois,  General  Electric,  and  IBM 
exploited  similar  design  concepts  last  year  with  specially 
fabricated  features  (including  a  "gate"  only  a  quarter 
micron  long)  to  make  extremely  fast-acting  n-type  tran- 
sistors that  may  be  the  fastest  ever  reported. 

The  quantum  well  structure  in  both  n-  and  p-type 
SQWFETs  is  composed  of  a  single,  thin,  strained  layer  of 
indium  gallium  arsenide  between  cladding  layers  of 
doped  gallium  arsenide.  The  bulk  lattice  mismatch  be- 
tween the  InGaAs  and  the  adjacent  GaAs  layers  is  totally 
accommodated  by  coherent  layer  strain. 
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Cross-section  ot  a  p-channel  strained  quantum  well  field  effect 
transistor  The  quantum  well  is  designed  to  speed  the  How  ot 
charge  carriers  through  the  material 


This  effect  is  based  on  earlier  Sandia  research  thai 
resulted  in  strained  layer  superlattices  (SI.S)  and  the 
subsequent  first  demonstration  in  198,'t  of  field-effect 
transistor  action  in  indium  gallium  arsenide  SLS 
material.  The  straining  of  the  single  layer  for  the  quan- 
tum well  structure  matches  it  atomically  to  the  adjacent 
layers  while  freeing  it  of  dislocations. 

The  quantum  well  in  a  SQWFET  provides  a  channel 
for  charge  carriers  to  flow  through  that  is  separated  from 
the  impurities  that  provide  the  charge  carriers.  The 
dopant  that  supplies  the  charge  carriers  is  in  one  plane, 
while  the  charge  ends  up  in  another  plane,  the  quantum 
well.  This  is  called  modulation  doping,  and  it  contributes 
to  higher  speed  transport. 

Has  desirable  properties 

Indium  gallium  arsenide  has  high  electron  mobilities 
and  other  desirable  properties.  Its  use  as  the  quantum 
well  material  further  boosts  the  speed  of  n-type  semicon- 
ductors, whose  current  consists  of  a  flow  of  electrons  (the 
n  stands  for  negative  charge). 

The  current  of  p-type  semiconductors,  however,  is 
made  up  of  the  flow  of  "holes,"  positions  in  the  lattice 
atomic  bonds  vacated  by  electrons,  leaving  positive 
charges  (thus  the  £)).  The  holes  are  notoriously  sluggish 
in  their  movement. 

Even  in  gallium  arsenide,  says  Sandia  physicist 
Thomas  E.  Zipperian,  "holes  are  fat.  slow  creatures." 
generally  no  faster  than  they  are  in  silicon. 

Designers  of  electronic  materials  and  circuits  would 
like  to  develop  a  family  of  complementary  logic  devices 
in  compound  semiconductors  equivalent  to  those  that 
have  been  successful  using  silicon.  But  these  kinds  of 
devices  use  currents  of  both  electrons  and  holes,  and  the 
difference  in  the  speeds  of  the  two  different  carrier  types 
causes  lots  of  problems. 

Furthermore,  in  a  device  configuration,  the  speed  of 
the  device  is  limited  by  that  of  the  slowest  carrier  type 
because  the  current  is  a  function  of  electrons  and  holes 
working  together. 

To  make  a  p-type,  compound  semiconductor  device 
that  operates  at  high  speed  without  a  lot  o\  power  has 
been  a  longtime  challenge.  "With  holes,  it's  like  dragging 
them  through  molasses,"  says  Sandia  physicist  Timothy 
J.  Drummond.  "We  want  to  thin  the  molasses." 

Drummond  and  Zipperian.  in  collaboration  with  San- 
dia scientists  Ian  .1.  Fritz.  James  E.  Schirber.  Eric  P. 
Jones,  Gordon  C.  Osbourn,  and  Thomas  A    Pint   haw 
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developed  a  way  to  boost  the  speed  of  holes  for  small 
applied  voltages.  They  have  accomplished  this  by  using 
strain  to  select  and  tailor  the  energy  band  in  which  the 
holes  move,  shaping  it  in  a  greater  curvature,  and  giving 
the  holes  a  much  smaller  effective  mass. 

With  decreased  mass,  holes  of  a  given  energy  are  able 
to  move  through  the  material  at  much  greater  velocity.  In 
effect,  the  scientists  create  strain-induced  quantum 
band  light-holes,  which  are  more  mobile  than  the  heavy 
holes  there  previously. 

"The  key  is  switching  speed,"  says  Drummond.  "We're 
trying  to  make  the  low  voltage  regime  faster." 

Using  these  concepts,  Drummond,  Zipperian,  and  col- 
leagues fabricated  a  p-channel  strained  quantum  well 
field-effect  transistor  (SQWFET)  and  demonstrated 
that  it  has  very  well  behaved  transistor  action.  Its  cur- 
rent-voltage characteristics,  for  instance,  are  the  same 
when  switching  it  off  as  when  switching  it  on.  Previous 
p-type  MODFETs,  without  a  strained  quantum  well, 
have  not  exhibited  good  transistor  characteristics. 

The  transistor's  transconductance,  or  speed  of  hole 
transport  across  the  device,  was  also  quite  respectable, 
the  scientists  report,  especially  given  the  fact  that  the 
gate  that  regulates  current  flow  wasn't  particularly 
small:  3.5  microns.  [The  maximum  measured  extrinsic 
transconductance  was  6.2  millisiemens  per  millimeter  at 
room  temperature  (300  K)  and  11.3  mS/mm  at  77  K.  The 
data  imply  that  the  intrinsic  transconductance  is  in  the 


range  of  16  to  37  mS/mm.  These  figures  represent  con- 
siderable improvements  over  previous  devices. | 

AH  in  all,  the  performance  of  the  Sandia-made 
p-channel  SQWFET  is  superior  to  p-channel  compound 
semiconductor  MODFETs  made  elsewhere.  It  is  the  first 
to  operate  well  at  room  temperature.  Poor  behavior  at 
room  temperature,  says  Drummond,  is  an  indication 
something  is  wrong  that  may  plague  operations  at  other 
temperatures. 

"We  believe  that  the  superiority  of  the  p-channel 
SQWFET  will  be  demonstrated  in  improving  the 
velocity  field  characteristics  for  electric  fields  less  than  1 
kilovolt  per  centimeter,"  the  Sandia  scientists  say  in  a 
research  report,  "exactly  in  the  regime  where  they  suffer 
in  comparison  to  n-channel  devices." 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Dept.  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207. 

Refer  to  announcement  22,  No.  4 
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<!!  NOAA  Technology  Brief     - 

National  Oceanic  and  Atmospheric  Administration 

Oceanic  and  Atmospheric  Research,   Environmental  Research  Laboratories 
Program  for  Regional  Observing  &  Forecasting  Services 


New  Real-Time  Doppler  Radar  Data  Processing  and 
Product  Generation  System 


A  new  real-time  Doppler  radar  data  processing  and  product  generation  system 
has  been  developed.       This  system  acguires  and  processes  data  frcm  a  10-cm 
Doppler  radar  and  creates  a  variety  of   image  and  graphical  products,    including 
a  limited  set  of  automated  algorithm  outputs,    for  a  weather  forecasting  work- 
station.    The  new  system  provides  many  more  radar  products  at  much  higher 
spatial  and  temporal  resolution  than  previously  available. 

The  system  was  developed  as  part  of  a  forecasting  exercise  for  the  Program 
for  Regional  Observing  and  Forecasting  Services   (PROFS),  which  collects  weather 
information  from  many  sources,  digests  it  in  computers,    and  presents  it  in  a 
variety  of  easy-to- interpret  visual  displays.      It  does   this  in  a  matter  of 
seconds,   so  the  forecaster  sees  real-time  weather. 

The  radar  used  was  the  CP-2  Doppler  of  the  National  Center  for  Atmospheric 
Research   (NCAR).     CP-2  has  dual-wavelength,   dual-polarization  capability,   and 
a  computerized  scan  control  system.      It  was  operated  with  a  range  of  about  150 
km  and  in  a  manner  closely  matching  the  operational  modes  of   the  Next  Generation 
Weather  Radar  (NEXRAD) . 

To  acguire  full-resolution  volume  scan  data  in  real-time,   a  wideband  radio 
data  link  with  data  rates  of  about  100  kbytes/s  was  established  between  PROFS 
and  the  NCAR  radar  site.     Fran  the  radio  link,    the  data  are  passed  through  a 
special -purpose  preprocessor  for  calibration,   range  normalization,   refor- 
matting, clutter  suppression,   and  preliminary  analysis.     The  data  are  then  pro- 
cessed by  a  dedicated  32-bit  minicomputer  for  product  generation.     The  products 
are  stored  on  a  disk  shared  with  the  PROFS  workstation  computer,  which  accesses 
and  displays  the  products  to  the  forecaster. 

The  primary  output  of  the  system  is  a  set  of  Doppler  radar  products  that 
allow  thorough  diagnosis  of  mesoscale  activity,   particularly  severe  thun- 
derstorms and  their  antecedent  conditions.     These  products,    listed   in  Table  1, 
are  available  to  the  forecaster  on  a  menu-driven  workstation. 
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Table  1;     Doppler  Radar  Products 


Product  Frequency 


S-band  PPI   Images  5  min 


X-band  PPI   Image  5  min 


CAPPI   Images  10  min 


"Plate  Stack"  of  5  min 

Window  Images 


Precipitation  5  min 

Type/Intensity 

PPI   Image 

Half-PRF  PPI   Image  10  min 


NEXRAD  Storm  ID  and  5  min 

Structure/Hail 

Graphic  Overlay 

NEXRAD  Track/Forecast     5  min 
Graphic  Overlay 

NEXRAD  Mesocyclone       5  min 
Graphic  Overlay 

Storm  Trend  Graphic      5  min 


RHI  Graphic            on  demand 
Application 


Description 

0.7°,  3.7°  elevations 
Reflectivity  and  velocity 

0.2°  elevation 
Reflectivity 

2.4,   6.4,   10.4  km  AGL 
Reflectivity  and  velocity 

Eight  tilts  between  0.3°  and  10.0°  elevations 
Full  radar  resolution,   forecaster-selected 
position  and  translation  speed  and  direction 

0.2°  elevation 

Derived  from  S-band  dual-polarization  data  (Zdr) 


0.7°  elevation 

Reflectivity  for  second-trip  echo  recognition 

Storm  centroid  position,  maximum 
reflectivity,   base,   top,   speed,  direction, 
and  hail  probability 

Past  centroid  positions  and  extrapolated 
positions 

Velocity  patterns  meeting  rotation/shear 
criteria,   feature  base  and  top 

Time  history  of  storm  heights  and  maximum 
reflectivities 

Reflectivity  cross-section  contours  on 
forecaster-selected  cut 


♦ 


Additional  information  on  the  processing  system  and  products  is  available 
from  NOAA  ORTA,  Suitland  Professional  Center  (SPC),  Roam  307,  Suitland,  Maryland 
20233.  Telephone  (301)  763-4240. 


U.S.  Army  Technology 

Harry  Diamond  Laboratories,  Adelphi,  MD  20783 


• 


Comparison    between    Calculated    and 
Measured   Forward   and   Reverse  Current- 
Voltage  Characteristics 

An  investigation  has  been  underway  to  understand  the  basic  physical 
processes  of  second  breakdown  in  semiconductor  junctions.     This  under- 
standing enables  one  to  predict  device  damage  and  to  devise  a  safe 
screen  to  reject  the  more  susceptible  devices.     Although  second  break- 
down in  semiconductor  junctions  was  observed  over  25  years  ago,  there 
is  still  considerable  controversy  over  its  basic  cause,  and  there  is  no 
satisfactory  means  of  predicting  device  damage.     Second  breakdown  is 
observed  in  the  laboratory  as  a  sudden  current  rise  accompanied  by  a 
voltage  drop  in  a  device  operating  above  the  first  breakdown,  or  ava- 
lanche, voltage.     It  was  early  recognized  that  second  breakdown  result- 
ed from  the  combination  of  electrical  and  thermal  processes,  but  the 
relative  importance  of  the  two  processes  is  still  in  active  controversy. 

Satisfactory  agreement  has  been  obtained  between  measured  and  cal- 
culated current-voltage  characteristics  for  silicon  diodes  biased  in  both 
the  forward  and  reverse  directions.     This  is  an  important  step  in  fulfill- 
ing objectives  to  (1)  design  devices  less  susceptible  to  second  breakdown 
and  burnout  and  (2)  develop  a  low  power  screen  to  eliminate  susceptible 
devices. 

Second  breakdown  is  the  usual  precursor  to  burnout  in  junction  devices. 
Army  electronics  is  at  risk  from  electromagnetic  pulses  from  high-alti- 
tude nuclear  explosions,  and  may  require  hardening.     Less  susceptible 
devices  reduce  the  extent  of  external  hardening  needed. 

The  Harry  Diamond  Laboratories  computer  program  "DIODE"  was  used 
for  the  theoretical  calculations. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A1 76607/0/NAC 

Price  code:     A02 
To  discuss  this  effort  further,  contact  Dr.  Alford  Ward,  Harry  Diamond 
Laboratories,  SLCHD-NW-RE,  2800  Powder  Mill  Rd,  Adelphi,  MD     20783- 
1197;  (202)  394-3010. 
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NBS  technology  update  Tec^gy 

National  Bureau  of  Standards  Resource 

U.S.  Department  of  Commerce 

Gaithersburg,  MP  20899 

Calibration  Services  for  AC/DC  Thermal  Voltage  and 
Current  Converters 

As  a  result  of  continuing  research  and  improved  instrumentation,  NBS 
has  announced  major  reductions  in  the  quoted  uncertainties  for  its  cal- 
ibration services  for  AC/DC  thermal  voltage  and  current  converters. 
The  highest-accuracy  measurements  of  AC  voltage  and  current  are  made 
by  reference  to  well-known  DC  quantities  through  thermal  converters. 
Accurate  comparisons  require  calibrating  the  thermal  converter  for  the 
difference  in  response  between  a  DC  source  and  an  AC  source  of  equal 
RMS  voltage  and  current.     NBS  has  lowered  the  uncertainties  in  its  ther- 
mal converter  calibration  service  across  most  of  the  audible  and  higher 
frequency  ranges  up  to  one  megahertz,  and  most  of  the  voltage  and  cur- 
rent ranges  by  as  much  as  50  percent  in  some  cases.     AC/DC  thermal 
converters  are  the  ultimate  reference  for  almost  all  AC  measurements 
made  in  the  aerospace,  defense,  and  electronics  industries,  and  the  mar- 
ket for  test  equipment  making  AC  current  or  voltage  measurements- 
over  $3  billion  in  this  country  last  year— is  intensely  competitive.     The 
improved  measurement  service  should  be  an  important  aid  to  U.S.  com- 
panies seeking  foreign  markets. 

FOR  ADDITIONAL  INFORMATION:     Contact:     Joseph  Kinard,  Electricity 
Division,  B146  Metrology  Building,  National  Bureau  of  Standards,  Gaithers- 
burg, MD     20899;  (301)  975-4250. 


( 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 


Gaithersburg,  MD  20899 


Precision  Voltage  Step  Generator  Designed 

A  voltage  step  generator  was  developed  and  designed  at  NBS  to  calibrate 
transient  waveform  recorders  and  other  test  instruments.     Transient  wave- 
form recorders  measure  rapid  voltage  pulses.     They  are  used  for  a  wide 
variety  of  applications  including  research  into  the  generation  of  electrical 
power  by  particle-beam  fusion  reactions  or  simpler  operations  such  as 
checking  automobile  engine  performance.     The  NBS  step  generator  will  en- 
sure the  reliable  operation  of  these  instruments.     A   104-page  report  de- 
votes sections  to  the  step  generator's  theory  of  operation,  a  description 
of  the  instrument  system,  the  device's  software,  operating  instructions, 
and  testing. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     PB87-1521 61/NAC 

Price  code:     A05 


I 
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IVJASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Gain-Compensating  Circuit  for  NDE 
and  Ultrasonics 

More  information  can  be  retrieved  from  high-loss  materials. 


A  high-frequency  gain-compensating 
circuit  has  been  designed  for  general  use 
in  nondestructive  evaluation  (NDE)  and  ul- 
trasonic measurements.  The  circuit  con- 
trols the  gain  of  an  ultrasonic  receiver  as  a 
function  of  time  to  aid  in  measuring  the  at- 
tenuation of  samples  with  high  losses;  for 
example,  human  skin  and  graph ite/epoxy 
composites.  The  circuit  features  a  high 
signal-to-noise  ratio  (100  dB),  a  large  signal 
bandwidth  (in  excess  of  50  MHz),  and  a 
large  dynamic  range  (greater  than  50  dB). 
The  control  bandwidth  of  5  MHz  ensures 
the  accuracy  of  the  control  signal. 

The  ultrasonic  signal  is  applied  to  one 
channel  of  a  dual-channel  analog  multiplier 
with  the  other  channel  input  grounded. 
Both  outputs  are  then  fed  to  a  differential 
amplifier  to  remove  distortion  introduced  in 
the  control  section  of  the  multiplier.  The 
output  of  the  differential  amplifier  is  then 
amplified  further  to  bring  the  overall  sys- 
tem gain  to  the  desired  level. 

The  system  can  be  operated  in  several 
different  modes,  depending  on  the  control 
input  signal  used:  a  linear  ramp  can  be 
used  to  control  the  gain  in  a  linear  fashion; 
an  exponential  ramp  can  be  used  to  com- 
pensate for  ultrasonic  attenuation,  which 
usually  decays  exponentially  (see  figure); 
and  a  pulse  waveform  can  be  used  to 
make  the  circuit  function  as  a  gate.  Any 
commercial  ultrasonic  receiver  can  be 
used  as  a  "front  end"  for  the  system.  Con- 
trol signals,  which  must  fall  between  0  and 
3  volts,  can  be  supplied  by  a  function  gen- 
erator. 


A  Typical  Pulse-Echo  Pattern  received  after  an  ultrasonic  tone  burst  has  been  sent  through 
an  aluminum  sample  is  shown  in  the  top  trace.  The  tone-burst  pattern  decays  nearly  ex- 
ponentially. The  middle  trace  is  the  control  signal  designed  to  offset  the  exponential  decay. 
The  bottom  trace  shows  the  effect  of  compensation  for  the  exponential  decay. 


The  circuit  currently  is  being  used  for  a 
number  of  applications.  In  one  case,  its  use 
enables  the  retrieval  of  more  information 
from  ultrasonic  signals  sent  through  com- 
posite materials  that  have  high  losses. 
Another  application  is  in  the  use  of  ultra- 
sonics to  measure  skin-burn  depth  in  hu- 
mans. The  circuit  affords  the  large  band- 


width necessary  for  adequate  resolution  of 
the  burn  depth  while  compensating  for  the 
large  high-frequency  ultrasonic  attenua- 
tion of  human  skin. 

This  work  was  done  by  Peter  W. 
Kushnick  of  PRC  Kentron,  Inc.  for  Langley 
Research  Center.  LAR-13543  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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IMASATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Trellis-Coded  Modulation  for  Fading  Channels 

Modulation  and  coding  are  designed  together  for  best  performance. 


Input  | f\ 

Bits  I ./ 


Trellis 
Encoder 


Block         _\    Asymmetric 
Interleave    J- ,/j       S'^ 


3 


Pilot  Tone(s) 
_J 


Digital  Pulse  Shaper 

and 
Quadrature  Modulator 


Intermediate- Frequency 
Carrier 

Radio-  Frequency 

Carrier 


Transmitter 


Fading 
Channel 


TRELLIS  DECODER 


In-Phase  and 
Quadrature  Signal 


Radio-Frequency 
Carrier" 


Receiver 


q-BIt 
Quantizer 

Quadrature 
Demodulator 

a 

1        p-BIt 

Pilot-Tone 

Quantizer 

Extractor 

Intermediate 
Frequency 


Channel-State 
Information 


Coded  Voice  or  Data  Signals  would  be  transmitted  efficiently  over  a  fading  channel  in  which  signal  power  and  bandwidth  are  restricted.  This 
system  would  be  useful  primarily  in  mobile  communications. 


In  a  proposed  communication  system, 
digital  signals  would  be  transmitted  effi- 
ciently over  a  fading  channel  by  a  combi- 
nation of  trellis  coding  and  multiple-phase- 
shift  keying  (MPSK)  with  the  addition  of 
asymmetry  to  the  signal  set.  The  coding 
and  modulation  schemes  are  not  designed 
separately  as  in  previous  systems  but  are 
integrated  to  yield  bandwidth-efficient 
modulation  and  forward-error-correction 
coding.  The  system  concept  helps  to  satis- 
fy the  need  for  the  reliable  high-quality 
transmission  of  voice  and  data  between 
land-mobile  units  via  satellites,  where  limi- 
tations of  power  and  bandwidth  are  impos- 
ed simultaneously.  The  concept  may  also 


be  applicable  to  ionospheric  communica- 
tions between  fixed  or  mobile  units. 

The  system  is  illustrated  in  the  figure.  In- 
put bits  representing  data  or  digitally  en- 
coded speech  are  passed  through  a  rate- 
nl(n  + 1)  trellis  encoder,  which  is  normally 
implemented  with  a  combination  of  n  shift 
registers  and  appropriate  modulo-2  adders 
(exclusive-OR  gates).  The  encoder-output 
symbols  are  then  block-interleaved  to 
break  up  burst  errors  caused  by  amplitude 
fades  of  duration  greater  than  one  symbol 
time. 

Groups  of  n  + 1  interleaved  symbols  are 
mapped  (with  a  read-only  memory)  into  the 
MPSK  signal  set  according  to  the  set-parti- 


tioning method.  The  pulses  of  the  in-phase 
and  quadrature  components  of  the  mapped 
signal  point  are  digitally  shaped  to  limit  ad- 
jacent channel  interference  and  to  control 
intersymbol  interference.  The  signals  then 
modulate  the  quadrature  carriers  for  trans- 
mission over  the  channel.  If  pilot-tone  cali- 
bration techniques  are  used  to  recover  the 
faded  carrier  at  the  receiver,  then  the  pilot 
tone  (or  tones)  must  be  added  to  the  data- 
modulated  signal  before  transmission. 

In  the  receiver,  the  effect  of  fading  on 
the  phase  of  the  incoming  signal  is  cor- 
rected by  a  phase-locked  loop  or  pilot-tone 
calibration  technique.  The  faded,  noise- 
corrupted  in-phase  and  quadrature  signal 
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components  are  demodulated  with  the  ex- 
tracted pilot  tone(s),  g-bit  quantized  tor  soft- 
decision  decoding,  and  then  block-deinter- 
leaved.  The  metric  chosen  for  the  Viterbi 
algorithm  in  the  decoder  depends  upon 
whether  or  not  channel-state  information 
(CSI)  is  provided.  A  measure  of  CSI  can  be 
obtained  from  the  power  in  the  recovered 
pilot  tone(s).  Furthermore,  the  number  of 
bits  of  quantization,  p,  for  this  operation 
can  be  much  smaller  than  q  since  the  ac- 


curacy of  the  CSI  has  only  a  secondary  ef- 
fect when  compared  with  that  of  the  soft 
decisions  themselves. 

Finally,  the  tentative  soft  decisions  from 
the  Viterbi  decoder  are  stored  in  a  buffer, 
the  size  of  which  is  a  design  parameter.  In 
particular,  for  the  case  of  speech  transmis- 
sion, the  total  coding/decoding  delay  must 
be  kept  below  about  60  ms  so  as  not  to  be 
objectionable  to  the  listener.  Thus,  for  a 


given  input  bit  rate,  the  decoder  buffer  and 
interleaving  frame  sizes  must  be  limited  so 
as  to  produce  at  most  a  60-ms  delay. 

This  work  was  done  by  Marvin  K.  Simon 
and  Dariush  Divsalar  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

NPO-16904/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Ames  Research  Center,  Moffett  Field,  California 


Licensing 
Opportunity 


Visual  Speech-Training  Aid  for  the  Deaf 

This  system  enables  a  student  to  compare 
his/her  sound  with  the  "correct"  sound. 


In  this  Speech-Training  System,  microphone  output  is  separated  by  filters  into  narrow  frequency  bands,  changed  into  digital  signals,  format- 
ted by  a  computer,  and  displayed  on  a  television  screen.  Output  from  other  sensors  can  be  displayed  simultaneously,  or  the  screen  can  be 
split  to  allow  the  sound  produced  by  a  student  to  be  compared  with  that  of  the  teacher. 


Teaching  the  deaf  to  speak  could  be 
aided  by  an  electronic  system  that  would 
provide  a  striking  colored,  pictorial  repre- 
sentation of  a  sound;  i.e.,  the  energy  at 
different  frequencies  as  a  function  of 


time.  Other  modalities,  such  as  nasality, 
intra-oral  pressure,  and  lip-muscle  con- 
traction, could  be  pictorialized  si- 
multaneously. The  use  of  standard  com- 
ponents, including  a  personal  microcom- 


puter, would  help  to  reduce  the  cost 
below  that  of  prior  voice-training  systems. 
The  proposed  system  is  shown  sche- 
matically in  the  figure.  The  sensors  block 
includes  a  microphone  ipr  two,  if  a  sepa- 
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rate  one  is  to  be  available  to  a  teacher) 
and  additional  modules  to  provide  other 
modalities  as  required.  These  may  in- 
clude electromyogram  electrodes  and 
amplitiers,  pressure  or  flow  sensors  for 
nasality  detection  or  intra-oral  pressure 
measurement,  or  others.  These  com- 
ponents provide  a  set  of  electrical  analog 
outputs  characterizing  the  desired  pa- 
rameters of  the  student's  speech. 

The  microphone  output  is  directed  to  a 
set  of  analog  bandpass  filters  that  sepa- 
rate the  frequency  range  of  100  Hz  to  5 
kHz  into  a  series  of  narrow  frequency 
bands.  A  triggering  circuit  detects  the  in- 
itial sound  and  initiates  the  display  proc- 
ess. 

Following  the  sensors  block  is  an  ana- 
log-to-digital conversion  section,  which 
samples,  in  turn,  the  filters  and  the  chan- 
nels containing  the  additional  modalities 
and  converts  their  outputs  to  digital  form 
usable  by  the  computer.  The  computer 
converts  the  data  in  the  various  channels 
to  a  usable  format  and  causes  it  to  be 
displayed  on  the  video  monitor.  The  nor- 
mal format  is  expected  to  be  a  time-re- 
solved spectrum,  with  the  horizontal  po- 
sition of  a  point  representing  time,  the 
vertical  position  representing  the  fre- 


quency, and  the  color  or  color/intensity 
combination  representing  the  energy 
contained  in  that  frequency  band.  Other 
modalities  would  be  displayed  similarly 
and  simultaneously  on  adjoining  tracks. 

Software,  incorporated  into  the  system 
as  read-only  memory  connected  to  the 
external-memory  port  of  the  computer, 
controls  the  sampling  and  analog-to- 
digital  conversion  process  and  the  dis- 
play. The  control  panel  allows  the  teacher 
or  other  user  to  control  such  functions  as 
the  choice  of  modalities,  analog  settings 
to  individual  preferences  or  charac- 
teristics, display  time  or  erase  by  com- 
mand, and  single-  versus  split-screen  op- 
tions. 

Varied  and  interesting  visual  displays 
would  be  provided  to  encourage  vocaliza- 
tion by  a  deaf  infant.  In  this  case,  only  the 
sounds  of  the  subject  would  be  displayed. 
The  spectrum  should  be  displayed  for  on- 
ly a  few  seconds  to  encourage  continued 
vocalization. 

A  teaching  situation  requires  more  di- 
rect control  of  the  operation,  including 
choice  of  the  modalities  to  be  displayed 
and  retention  of  the  spectrum  for  as  long 
as  required,  with  erasing  on  command.  If 
it  is  desired  to  display  teacher  and  stu- 


dent spectra  simultaneously  for  com- 
parison, a  split-screen  presentation  may 
be  used,  in  which  case  two  microphones 
may  be  used  and  separate  erase  controls 
provided  for  the  two  portions. 

With  the  provision  of  additional  mem- 
ory, stored  or  animated  pictures  may  be 
incorporated;  for  example  in  one  portion 
of  the  split-screen  format.  Schematic  or 
pictorial  diagrams  of  the  vocal  system 
may  be  provided  to  show  sound-pro- 
ducing mechanisms  (i.e.,  tongue  posi- 
tions) for  each  phoneme.  Animation  may 
be  provided  to  demonstrate  phoneme 
transitions  or  the  formation  of  such  tran- 
sitory sounds  as  plosives. 

This  work  was  done  by  Robert  J.  Miller 
of  Ames  Research  Center 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center     Refer  to 
ARC-11526  /TN 

Ames  Research  Center 

Technology  Utilization  Officer; 

Laurance  A  Milov 

Mail  Code  204-10 

Moffett  Field,  CA  94035 

(415)694-5761 

Patent  Counsel: 

Darrell  G  Brekke 

Mail  Code  200-11 

Moffett  Field,  CA  94035 

(415)694-5104 
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U.S.  Air  Force 
Technology  Note 


Test  Methodology  for  Adaptive  Antenna  Systems 

The  measurement  of  conventional  antennas  is  guided  by  well-established 
practices  described  in  an  IEEE  standard.     At  present  such  standards  for 
adaptive  antenna  testing  do  not  exist,  nor  has  an  accepted,  consistent  ter- 
minology evolved  from  the  adaptive  antenna  community.     However,  the 
successful  evaluation  of  adaptive  antennas  must  extend  testing  from  the 
component  values  used  for  conventional  antennas  and  comparisons  with 
conventional  antenna  test  methods  have  been  studied  with  the  hope  of  fos- 
tering the  further  evolution  of  accepted  test  procedures. 

In  comparison  with  conventional  antenna  testing,  adaptive  antenna  test  re- 
sults are  shown  to  be  more  sensitive  to  the  low-level  components  of  the  an- 
tenna response,  such  as  scattering  from  the  structure  surrounding  the  anten- 
na installation.     This  increased  sensitivity  results  in  more  stringent    model 
ing  requirements  for  adaptive  antenna  measurements  than  for  conventional 
antenna  measurements;  similarly,  adaptive  antenna  testing  is  more  sensitive 
to  multipath  errors  than  conventional  antenna  testing.     The  simple  analysis 
that  demonstrates  this  sensitivity  also  highlights  the  need  for  including  a 
more  realistic  representation  of  the  antenna  response  into  analytic  projec- 
tions of  adaptive  antenna  performance;  much  fruitful  research  can  be  done 
to  understand  the  impacts  of  the  antenna  design  itself  on  adaptive  antenna 
processing. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A176295/NAC 

Price  code:     A03 


CONVENTIONAL  ANTENNA  TESTS 


ADAPTIVE  ANTENNA  TESTS 


r-      IEEE  STANDARDS 
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Comparison  between  Conventional   and  Adaptive  Antenna  Testing 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


CCD  Luminescence  Camera 

A  new  diagnostic  tool  is  used  to  understand  performance 
and  failures  of  microelectronic  devices. 


A  microscope  has  been  integrated  to  a 
low-noise  charge-coupled-device  (CCD) 
camera  to  produce  a  new  instrument  for 
analyzing  the  performance  and  failures  of 
microelectronic  devices  that  emit  infrared 
light  during  operation.  For  example,  the 
figure  shows  for  the  first  time  a  direct  im- 
age of  the  "pinch-off"  region  at  the  drain  of 
a  metal  oxide/semiconductor  field-effect 
transistor  (MOSFET)  structure  under  nomi- 
nal operating  conditions.  The  image  was 
generated  by  an  exposure  of  several 
minutes  under  cooled  conditions  ( -  95  °C). 

The  very  weak  signal  observed  is  caused 
by  a  weak  avalanche  condition  within  the 
MOSFET  channel  and  represents  direct 
evidence  of  generation/recombination 
processes  that  have  been  theorized  to  be 
one  factor  responsible  for  1/f  noise  genera- 
tion in  MOSFET's  and  junction  field-effect 
transistors  (JFET's). 

The  CCD  luminescence  camera  also 
has  been  demonstrated  to  be  valuable  in 
identifying  locations  within  a  semiconduc- 
tor part  where  the  onset  of  breakdown  oc- 
curs. Luminescent  images  have  been 
used  to  help  semiconductor  manufactur- 
ers improve  breakdown  characteristics  by 
making  geometry  changes  to  device  struc- 
ture. The  CCD  camera  is  also  used  to  iden- 
tify very  clearly  parts  that  have  failed 
(specifically,  oxide  pinholes)  where  lumi- 
nescence is  typically  found. 

This  work  was  done  by  James  R. 
Janesick  and  Tom  Elliott  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory 
NPO-16547  /TN 


> 


An  Image  Taken  With  a  CCD  Luminescence  Camera  shows  pinch-off  luminescence 
associated  with  the  channel  of  a  MOSFET  under  nominal  operating  conditions.  The  tran- 
sistor shown  here  has  a  channel  width  (distance  between  source  and  drain)  of  only  10  Mm. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Licensing 
Opportunity 


Pulse  Test  of  Coil  Insulation 

The  waveform  of  the  back-electromotive 
force  reveals  defects. 


A  simple  pulse  test  reveals  defects  in  in- 
ductor coils.  Devised  for  use  on  servovalve 
solenoid  coils  on  the  Space  Shuttle,  the 
test  should  also  be  applicable  to  transform- 
er windings,  chokes,  relays,  and  the  like. 

The  test  exploits  the  back-electromotive 
force  that  is  generated  by  the  coil  when  the 
current  through  it  is  suddenly  interrupted. 
In  the  case  of  the  servovalve,  for  example, 
the  coil  is  connected  to  its  drive  circuit 
through  a  reed  relay  and  is  excited  at  or 
below  its  rated  steady  operating  current 
and  voltage  (typically,  30  mA  and  10  V,  re- 
spectively), while  the  servovalve  spring  is 
loaded.  The  relay  contact  is  then  opened  to 
turn  off  the  coil  current.  (This  also  protects 


the  drive  circuit  from  the  resulting  voltage 
pulse.)  The  pulse  is  monitored  on  an  oscil- 
loscope or  other  suitable  device. 

The  pulse  from  a  typical  good  solenoid 
coil  has  a  damped  sinusoidal  waveform 
with  an  initial  amplitude  of  500  to  900  V.  A 
typical  defective  coil  shows  an  irregular 
and/or  truncated  waveform  with  an  initial 
amplitude  less  than  200  V.  The  waveform 
can  reveal  coil  open  circuits,  short-circuit- 
ed turns,  and  internal  insulation  break- 
downs. 

The  back-emf  pulse  test  is  a  convenient 
technique  for  testing  coil  insulation  and 
high-voltage  performance  without  damage 
to  the  drive  circuit  from  overvoltage,  to  the 


coil  from  overcurrent,  or  to  the  associated 
mechanical  parts  from  overstress.  The 
waveform  of  a  coil  can  be  measured  when 
it  is  new  and  known  to  be  good;  this 
waveform  can  then  be  used  as  a  signature 
for  comparison  with  subsequent  measure- 
ments to  determine  whether  the  coil  is  still 
good. 

This  work  was  done  by  Ralph  E.  Kroy  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center.  No  further  docu- 
mentation is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-29236./TN 
George  C.  Marshall  Space 
Right  Center 
Technology  Utilization  Officer 
Ismail  Akbay 
Code  AT01 

Marshall  Space  Flight  Center, 
AL  35812 
(205)  544-2223 
Patent  Counsel: 
Leon  D.  Wofford,  Jr 
Mail  Code  CC01 
Marshall  Space  Flight  Center. 
AL  35812 
(205)  544-0014 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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1070  Guide  Available  for  Making  Economic  Energy  Decisions 

1071  Thermal  and  Electrical  Recharging  of  Sodium/Sulfur  Cells 
An  efficiency  as  high  as  60  percent  may  be  achieved. 


( 


( 


( 


NBS   technology   update 

National  Bureau  of  Standards 
a    U.S.  Department  of  Commerce 


Gaithersburq,  MP  20899 


Guide  Available  for  Making  Economic  Energy  Decisions 


More  than  a  decade  after  the-first  shock 
from  escalating  energy  prices,  millions  of 
buildings  in  the  United  States  still  reflect 
the  days  when  oil  cost  just  pennies  per 
gallon.   Many  buildings  continue  to  be 
designed  and  constructed  with  little  con- 
sideration for  energy  conservation.   The 
resulting  cost  to  building  owners  and  the 
nation  is  enormous.   A  new  guide  by  re- 
searchers in  the  NBS  Center  for  Applied 
Mathematics  will  help  builders  and 
building  designers,  owners,  and  opera- 
tors find  a  balance  between  energy  con- 
sumption and  energy  conservation  which 
will  result  in  more  cost-effective  building. 
The  publication  guides  the  decision 
maker  to  ask  the  right  economic  ques- 
tions.  It  also  shows  how  to  structure 
problems  for  solution,  how  to  estimate 


future  cash  flows,  and  how  to  interpret 
various  measures  of  economic  perfor- 
mance.   Worksheets,  a  computer  pro- 
gram, and  data  tables  to  assist  with  eval- 
uations are  provided  in  the  publication. 

For  Additional  Information: 

The  report,  Comprehensive  Guide  for 
Least-  Cost  Energy  Decisions  (NBS-SP 
709),  is  available  from  the  National  Tech- 
nical Information  Service,  Springfield, 
VA  22161.  Refer  to  order  number,  PB87-, 
price  code,  A0.   In  addition,  a  computer 
program  diskette  is  available  from  the 
National  Technical  Information  Service. 
Diskette  ordering  information  is  in  the 
publication. 
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Thermal  and  Electrical  Recharging  of  Sodium/Sulfur  Cells 

An  efficiency  as  high  as  60  percent  may  be  achieved. 


A  proposed  thermal-  and  electrical-re- 
charging scheme  is  expected  to  increase 
the  overall  energy  efficiency  of  a  battery 
of  sodium/sulfur  cells  (beta  cells).  The 
scheme  takes  advantage  of  a  peculiarity 
in  the  chemical  kinetics  of  the  recharge 
portion  of  the  operating  cycle  to  give  a 
thermal  assist  to  the  electrically  driven 
chemical  reactions.  Possible  future  ap- 
plications include  portable  power  sup- 
plies and  energy  storage  in  commercial 
power  systems  during  offpeak  periods. 

The  chemical  product  of  the  beta-cell 
discharge  is  a  mixture  of  sulfur  and 
sodium/sulfur  compounds,  including  solid 
Na2S3.  For  charging,  this  salt  can  be  part- 
ly dissociated  by  heating  it.  Of  the  disso- 
ciation reactions,  the  principal  one  is 
5Na2S3—  4Na  +  3Na2S5.  The  thermal 
process  helps  in  two  ways: 

1 .  The  energy  necessary  to  dissociate  the 
Na2S3  can  be  supplied  thermally  at  a 
higher  efficiency  than  it  can  be  supplied 
electrically  as  in  the  present  all-electri- 
cal charging  scheme  (see  top  of  figure). 

2.  The  resulting  increase  in  the  activity  of 
the  sodium  reduces  the  electrical  po- 
tential that  must  be  applied  to  force  the 
sodium  ions  across  the  solid  electrolyte 
while  recharging. 

In  one  version  of  the  new  recharging 
scheme  (see  middle  of  figure),  the  heat 
would  be  supplied  to  the  battery  from  an 
external  source  —  perhaps  a  steam  gen- 
erator. In  another  version  (see  bottom  of 
figure),  waste  heat  from  a  turbine  would 
be  used  to  heat  the  battery,  thereby  using 
the  energy  of  the  overall  system  even 
more  efficiently. 

The  overall  charging  efficiencies  of  the 
present  storage  system  and  the  steam- 
generator  version  of  the  proposed  sys- 
tem have  been  estimated  by 

^overall  =  IsItIg^R 

for  the  present  system  and 

'Wall  =  (1  "  ^IsItIgHr  +  nr»s 
where  rjs,  rjy,  >7G,  and  »iR  denote  the  effi- 
ciencies of  the  steam  generator,  turbine, 
generator,  and  rectifier,  respectively,  and 
n  denotes  the  fraction  of  the  total  energy 
input  supplied  directly  to  the  battery  as 
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PROPOSED  SYSTEM:  VERSION  2 


The  Present  System  for  Charging  Na/S  Batteries  puts  energy  into  the  batteries  along 
the  electrical  path  only.  The  proposed  systems  put  energy  in  along  electrical  and  ther- 
mal paths  for  greater  energy  efficiency. 


thermal  energy.  Using  typical  values  of 
r\s  =  0.80,  m-  =  0.40,  r/G  =  0.96,  rjR  = 
0.96,  and  n  =  0.6,  the  efficiency  of  the 
proposed  system  would  be  0.60,  more 
than  double  the  0.29  of  the  present 
system. 


This  work  was  done  by  Robert  Richter 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-16139  fTN 


I 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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1072  Alarm  Filtering  System 

1073  Variable  Restriction. Grid  Plate  for  Fluidized  Beds 

1074  Transport  Line  Leak  Detection  System 

1075  Earthquake  Studies  on  Full-Scale  Bridge  Columns 

1076  High-Capacity  Drag  Enbedment  Anchor  Developed 

1077  Composite  Piston-Cap  Structure  —  The  design  eliminates 
thermal  stress  between  the  composite  cap  and  the  metal 
piston. 

1078  Backlash-Free  Locking  Hinge  —  Tight  joints  are  achieved 
without  precisely  machined  parts.  (Licensing  Opportunity) 

1 079  Economical  Joint  for  Truss  Structures  —  Mass-produced  flat 
parts  can  be  easily  assembled.  (Licensing  Opportunity) 

1080  Approximate  Feedback  Control  for  a  System  With  Memory  — 
The  nearly  optimal  feedback  gain  can  be  calculated. 

1 081  Simulating  Building  Fires  for  Movies  —  Realistic  scenes  are 
staged  inexpensively. 

Testing  &  Instrumentation 

1082  Fire  Detection  for  Noncoal  Underground  Mines 

1083  Hydraulic  Fatigue-Testing  Machine  —  Multiple  specimens  are 
tested  simultaneously.  (Licensing  Opportunity) 
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•     Technology  Application 


Idaho  National  Engineering  Laboratory 

Alarm  Filtering  System 

The  alarm  filtering  system  (AFS)  ad- 
dresses alarm  presentation  problems, 
specifically  information  overload,  that 
operators  experience  during  major  pro- 
cess transients.   AFS  solves  the  problem 
by  suppressing  and  prioritizing  alarms 
in  response  to  dynamic  situations. 

AFS  is  implemented  in  LISP  using  Xe- 
rox's LOOPS  to  integrate  several  pro- 
gramming paradigms  into  a  functional 
system.   AFS  utilizes  information  about 
the  plant,  alarms,  states,  and  display- 
oriented  items  consisting  of  the  panel  and 
the  tiles  on  that  panwl.  Using  objects  to 
represent  the  entities  of  AFS  has  several 
advantages. 

Why  is  this  better  than  existing 
technology?  The  use  of  functional  rela- 
tionships make  AFS  applicable  for  use  on 
a  variety  of  processes.  The  use  of  objects 


and  rules  make  it  easy  to  build  and  mod- 
ify filtering  systems  for  specific  alarm 
systems. 

Stage  of  development:  System  developed 
for  experimental  reactor.  :Needs  devel- 
opment to  generic  shell  that  will  allow 
inexperienced   computer  users  to  build 
their  own  systems. 

Potential  uses  and  spinoffs:    Nuclear, 
Chemical  or  Aerospace  industry. 

For  Additional  Information: 

Dr.  Jane  M.  Welch 

Manager,  ORTA 

Idaho  National  Engineering  Laboratory 

P.O.  Box  1625 

Idaho  Falls,  ID  83415 

(208)526-8318 
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Idaho  National  Engineering  Laboratory 

Variable  Restriction  Grid  Plate  for  Fluidized   Beds 


The  grid  plate  is  designed  to  provide  vari- 
able fluidizing  gas  flow  rates  for  a  fixed 
pressure  supply.   This  allows  the  use  of 
one  size  distribution  plate  and  pressure 
supply  for  a  variety  of  particle  sizes  (i.e., 
flow  rates  can  be  increased  for  increasing 
particle  sizes).  The  grid  plate  can  also  be 
totally  closed  off  during  shutdown  of  the 
fluidized  bed.   The  above  is  accomplished 
with  an  array  of  plugs  on  a  moveable 
support  which  can  be  raised  or  lowered  to 
reduce  or  increase  the  size  of  orifices  in 
the  distribution  plate. 

Why  is  this  better  than  existing 
technology?   Simplicity  in  design;  one 
pressure  supply  can  handle  a  variety  of 


particle  sizes;  the  grid  plate  can  be  com- 
pletely closed  off. 

Stage  of  Development:  Conceptual  De- 
sign 

Potential  uses  and  spinoffs:   Include  ap- 
plication of  fluidized  beds  for  calcination, 
combustion,  chemical  reactions,  adsorp- 
tion, and  drying. 

For  Additional  Information: 

Mr.  Ron  J.  Bliss, 

Idaho  National  Engineering  Laboratory 

P.  0.  Box  4000 

Idaho  Falls,  ID  83403 

(208)526-0997 
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Idaho  National  Engineering  Laboratory 

Transport  Line  Leak  Detection  System 


A  leak  detection  system  for  pneumatic 
solids  transport  lines  is  a  double  encased 
line  at  points  of  higher  erosion  such  as 
elbows,  bends,  and  tees.  The  outer  annu- 
lus  is  an  air  tight  envelope  which  is  con- 
nected to  a  pressurized  air  source  and  a 
pressure  sensor  hooked  to  an  alarm.    If 
the  transport  line  should  develop  a  leak, 
the  air  in  the  pressurized  annulus  will 
flow  into  the  line,  reduce  the  pressure, 
and  trip  the  alarm.   The  annulus  also 
provides  double  containment  and  allows 
for  uninterrupted  operation  (if  a  leak  oc- 
curs) until  a  scheduled  shutdown. 

Leaks  can  be  detected  without  loss  of 
line  integrity  or  need  for  immediate 
shutdown  of  operation.   Lines 


can  be  remotely  monitored  without  per- 
sonnel exposure. 

Stage  of  Development:  This  technique  is 
in  routine  use  at  the  Idaho  Chemical 
Processing  Plant  . 

Potential  uses  and  spinoffs:   The  system 
could  be  used  for  any  pneumatic  solids 
transport  line  where  excessive  erosion  is 
a  problem. 

For  Additional  Information: 

Mr.  Ron  J.  Bliss, 

Idaho  National  Engineering  Laboratory 

P.  0.  Box  4000 

Idaho  Falls,  ID  83403 

(208)526-0997 
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Earthquake  Studies  on  Full-Scale  Bridge  Columns 

As  part  of  their  studies  on  how  full-scale  bridge  columns  perform  during 
earthquakes,  researchers  in  the  NBS  Center  for  Building  Technology 
constructed  and  tested  six  one-sixth  scale  replicas  of  the  columns. 
The  results  will  be  used  to  determine  if  the  behavior  of  full-scale  columns 
can  be  extrapolated  from  model  behavior.     The  first  in  a  series  of  reports 
on  the  project  is  now  available  and  gives  a  detailed  description  of  the 
design,  fabrication,  testing,  and  evaluation  of  the  model  columns.      In- 
cluded among  the  findings  for  small-scale  columns  is  that  recent  California 
Department  of  Transportation  specifications  were  sufficient  to  prevent 
the  longitudinal  reinforcing  bars  from  pulling  out  of  the  footings  for  all 
the  specimens.     Testing  of  the  first  full-scale  column  was  completed  in 
July   1986.     A  second  full-scale  column  is  being  fabricated  at  NBS  and 
will  be  tested  this  year. 

FOR  ADDITIONAL  INFORMATION:     Behavior  of   1/6-Scale  Model  Bridge 
Columns  Subjected  to  Cyclic  Inelastic  Loading    (NBSIR  86-3494)  is  avail- 
able  from  the  National  Technical  Information  Service,  Springfield,  VA 
22161. 

NTIS  order  number:     PB87-152245/NAC 

Price  code:  A13 
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High-Capacity  Drag  Embedment  Anchor  Developed 

A  new  high-capacity  drag  embedment  anchor  called  the  NAVMOOR 
has  been  developed  at  the  Naval  Civil  Engineering  Laboratory.     The 
NAVMOOR  was  originally  developed  for  the  Naval  Facilities  Engi- 
neering Command  to  meet  the  anchoring  needs  of  new  high-capacity 
Fleet  moorings.     However,  this  new  anchor  is  also  suited  to  many 
other  anchoring  applications. 

The  NAVMOOR  Anchors'  flukes  are  streamlined  hollow  shells  which 
enable  good  penetration  in  hard  soils  and  which  provide  the  excel- 
lent resistance  to  bending  that  is  needed  for  hard  soil  and  coral  ap- 
plications.    Large  mud  palms  are  permanently  affixed  to  the  anchor 
to  ensure  reliable  fluke  tripping  (opening)  in  soft  soils.     Anchor  fluke 
angles  can  be  adjusted  from  the  soft  soil  setting  of  50  degrees  to 
the  sand/hard  soil  setting  of  32  degrees  by  tack-welding  sand  wedges 
to  the  fixed  stopper  assembly. 

For  tandem  anchor  hookup,  the  anchor  shank  extends  through  the 
anchor  crown  and  connects  to  the  pinned  tandem  link. 

As  has  been  stated,  the  NAVMOOR  Anchor  is  suited  to  single  and 
tandem  anchor  use.     In  tandem,  the  anchors  are  structurally  and 
operationally  capable  of  developing  at  least  the  full  rated  capacity 
of  each  anchor.     The  holding  capacity  of  the  tandem  anchor  system 
is  equal  to  the  sum  of  the  maximum  holding  capacity  of  each  anchor 
in  the  tandem  system.     Refer  to  the  previous  section  for  single  an- 
chor capacity.     This  is  usually  a  conservative  estimate  of  the  system 
capacity;  in  fact,  the  tandem  anchor  can  often  hold  50  percent  more 
in  a  tandem  system  than  it  holds  as  a  single  anchor. 

FOR  ADDITIONAL  INFORMATION:     Contact: 

Mr.  Robert  Taylor 

Code  L42 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  CA     93043 

(805)  982-5419 
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Composite  Piston-Cap  Structure 

The  design  eliminates  thermal 
stress  between  the  composite 
cap  and  the  metal  piston. 


Makers  of  internal-combustion  engines 
have  struggled  for  years  with  ways  to  in- 
corporate heat-resistant  nonmetals  into 
the  hot,  moving  components  of  these  en- 
gines. Differences  in  thermal-expansion 
characteristics  and  the  brittle  nature  of  the 
materials  have  prevented  success.  A  com- 
posite piston-cap  structure  designed  at 
Langley  Research  Center  may  provide  the 
solution  to  this  problem. 

The  efficiency  of  an  internal-combustion 
engine  increases  directly  with  its  operating 
temperature.  However,  the  operating  tem- 
perature may  be  limited  by  the  materials 
from  which  the  engine  components  are 
manufactured.  Ceramics,  carbon/carbon 
composites,  and  other  heat-resistant 
materials  are  excellent  candidates  for 
such  applications,  except  that  their 
mechanical  properties  are  so  poor  that 
they  cannot  be  used  in  monolithic  form. 
Current  schemes  to  attach  nonmetallic 
caps  to  metallic  pistons  involve  such 
mechanical  fasteners  as  pins  or  bolts, 
which  increase  the  complexity  and  weight 
of  the  piston  and  result  in  thermal  stresses 
between  the  materials,  leading  to  prema- 
ture failure  of  the  pistons. 

A  new,  conically  surfaced,  composite 
piston-cap  structure,  passively  retained  in 
a  metallic  piston,  is  shown  in  the  figure.  The 
piston  cap,  made  from  carbon/carbon  ma- 
terial, is  machined  to  the  general  shape 
shown.  This  shape  includes  conical  faces, 
the  conical  extensions  of  which  intersect  at 
a  common  vertex  on  the  cylindrical  axis  of 
the  piston  body,  allowing  thermal-stress- 
free  retention  of  the  cap  at  all  tempera- 
tures. When  the  piston  assembly  is  heated 
or  cooled,  the  metal  expands  or  contracts 


Crown 


Carbon/Carbon 
Insert 


Vertex 


Body 


Conical  Surfaces  allow  thermal-stress-free 
movement  between  the  nonmetallic  cap 
and  the  metallic  piston. 


radially  from  the  coincident  vertex.  Where 
the  metal  makes  contact  with  the  carbon/ 
carbon  cap,  the  snugly  fitting  conical 
faces  slide  without  interference.  Since  the 
metal  body  is  free  to  expand,  no  thermal 
stress  is  produced  in  the  metal  body  or  car- 
bon/carbon cap. 

In  fabrication,  ceramic-felt  pads  are 
bonded  to  the  machined  cap  in  the  areas 
shown.  The  piston  body  is  cast  around  the 
cap.  The  pads  prevent  the  body  material 


from  touching  the  cap  surfaces,  where 
thermal  stress  could  be  generated.  The 
pads  are  not  required  structurally;  they 
provide  a  mechanism  to  maintain  a  void 
between  the  body  and  the  carbon/carbon 
cap.  This  arrangement  allows  stress-free 
movement  between  the  cap  and  the  piston 
body.  The  piston  cap  is  larger  in  diameter 
than  the  piston  body,  allowing  the  body  to 
expand  to  the  cap  diameter  at  the  operat- 
ing temperature.  In  fact,  the  cap  may  be 
designed  to  remain  larger  in  diameter  than 
the  piston  body  and  be  lapped  to  fit  the 
cylinder  bore  in  order  to  preclude  the  need 
for  piston  rings. 

The  limiting  temperature  of  this  design 
will  be  the  use  temperature  of  the  cap 
material  reaucea  oy  some  factor  depen- 
dent on  the  thickness  of  the  cap,  which  af- 
fects heat  transfer  into  the  piston  body. 
This  design  provides  a  simple  means  of  re- 
taining the  piston  cap  without  imparting 
thermal  stresses,  while  retaining  positive 
engagement  along  the  conical  surfaces 
between  the  cap  and  piston  body  to  trans- 
fer loads.  In  addition,  the  structure  makes 
possible  a  lighter  piston  assembly  than 
does  an  all-metal  piston,  as  the  cap 
material  has  only  about  two-thirds  the  den- 
sity of  aluminum. 

This  work  was  done  by  Allan  Taylor  of 
Langley  Research  Center.  No  further 
documentation  is  available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center 
Refer  to  LAR-1 3435. /TN 
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Backlash-Free  Locking  Hinge 

Tight  joints  are  achieved  without 
precisely  machined  parts. 


Hinge-Housing  Sections 


Locking 
Springs 


Latching-Bar 
Spring 

j^X^___^  Retaining 
&/    y7  Rings 


4!  51  6!  71 

DISASSEMBLED  HINGE 


10 


11 


Figure  1.  The  Parts  of  the  Locking  Hinge  are  assembled  into  a  unit  that  clamps  shut  with  a  little  push  from  the  operator. 


A  hinge  for  foldable  structures  can  be 
locked  with  a  minimum  of  force  by  a  hu- 
man operator.  Once  locked,  the  hinge 
makes  a  strong,  tight  joint.  The  loose  fit,  or 
joint  slop,  common  to  commercial  locking 
hinges  is  eliminated.  Despite  its  tight  fit, 
however,  the  new  hinge  concept  does  not 
impose  close  tolerances  on  the  manufac- 
ture of  its  parts.  Developed  for  erecting  un- 
foldable  structures  in  space,  the  hinge  can 
be  used  on  collapsible  scaffolds  and  simi- 
lar terrestrial  structures. 


The  two  sections  of  the  hinge  housing 
are  joined  by  a  hinge  pin  extending  through 
lugs  in  the  sections  and  secured  by  retain- 
ing rings  (see  figure).  A  latching  bar  has  a 
guiding  ear  that  protrudes  through  a  slot  in 
one  of  the  housing  sections  and  a  locking 
ear  that,  in  the  locked  position,  engages  a 
slot  in  the  other  housing  section.  A  guiding 
slot  in  the  latching  bar  straddles  and  pivots 
on  the  hinge  pin. 

Spacers  are  mounted  on  the  hinge  pin 
on  either  side  of  the  latching  bar.  A  groove 


in  spacer  2  engages  a  pin  in  the  housing, 
forcing  the  spacer  to  rotate  when  the  hous- 
ing is  rotated  for  locking  or  unlocking.  The 
stub  pins  in  spacer  2  engage  an  annular 
groove  in  the  latching  bar.  When  the  hinge 
is  in  the  unlocked  position,  the  stub  pins 
keep  the  latching  bar  depressed,  but  when 
the  hinge  is  rotated  into  a  nearly  locked 
position,  spacer  2  moves  the  pins  so  that 
they  release  the  latching  bar. 

Forced  by  the  latching-bar  spring,  the 
guiding  ear  and  locking  ear  enter  their 
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Locking 
Springs 


respective  slots,  locking  the  two  sections 
of  the  housing  together.  The  engaging  sur- 
faces of  the  ears  are  at  an  angle  with  their 
paths  of  travel  so  that  they  exert  a  wedge 
force  on  the  two  housing  sections.  The 
wedge  action  ensures  a  tightly  locked  joint 
free  of  backlash  —  without  the  expense  of 
machining  parts  to  precise  dimensions. 

A  pair  of  springs  extend  between  sec- 
tions, riding  in  the  grooves  in  the  spacers. 
The  springs  provide  the  main  locking 
torque  once  the  operator  initiates  rotation 
toward  the  locked  position. 

This  work  was  done  by  Clarence  J. 
Wessekski of  Johnson  Space  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Johnson 
Space  Center  Refer  to  MSC-21056.  /TN 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 
Dean  C.  Glenn 
Mail  Code  EA4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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LOCKED  HINGE  -  TOP  VIEW 
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LOCKED  HINGE  —  BOTTOM  VIEW 


Figure  2.  TheLargeLocklngSpringsaugmentthetorquesuppliedbytheoperator.Thesmall 
spring  on  the  latching  bar  snaps  it  into  place  in  the  slots  in  the  housing  sections. 
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Economical  Joint  for  Truss  Structures 

Mass-produced  flat  parts  can  be  easily  assembled. 


A  joint  for  a  three-dimensional  truss  is 
made  of  simple  die-cut  plates  and  inexpen- 
sive fasteners.  Each  truss  joint  consists  of 
two  identical  interlocking  plates  that  are 
bolted,  welded,  or  glued  together  (see  top 
of  figure).  The  truss  struts  are  bolted  to  the 
joint  through  holes  in  the  plate.  Alternative- 
ly, the  ends  of  the  struts  could  be  forked  so 
that  they  slip  over  the  plates  and  are 
fastened  to  them  by  bolts  or  pins. 

Plate  stock  of  aluminum  or  steel,  for  ex- 
ample, can  be  used  to  make  the  joints.  The 
plates  are  designed  so  that  they  can  be 
stamped  from  the  stock  in  large  quantities 
with  little  waste. 

The  size  of  the  plate,  the  shape  of  the 
slot,  and  the  size  and  spacing  of  the  holes 
can  be  changed  to  save  weight,  to  ensure 
clearances  of  fasteners,  or  to  match  a  par- 
ticular truss  configuration.  The  most  eco- 
nomical plate  style,  however,  is  one  that 
suits  a  variety  of  applications  and  can  be 
turned  out  in  great  quantities. 

A  slightly  more  complex  version  of  the 
joint  includes  four  plates  that  again  would 
be  bolted,  welded,  or  glued  together  (see 
bottom  of  figure).  A  strut  is  inserted  bet- 
ween a  pair  of  plates.  It  is  held  by  bolts, 
pins,  or  rivets  through  plate  holes. 

This  work  was  done  by  Carleton  J. 
Moore  of  Marshall  Space  Right  Center. 
No  further  documentation  is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to  MFS-28160./TN 
George  C.  Marshall  Space 
Right  Center 
Technology  Utilization  Officer: 
Ismail  Akbay 
Code  AT01 

Marshall  Space  Flight  Center, 
AL  35812 
(205)  544-2223 
Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight  Center, 
AL  35812 
(205)  544-0014 
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ASSEMBLED  PLATES 


Vary  To  Meet 

Fastener-Clearance 

Requirement 


.Vary  Dimension  To  Match 
Strut  Thickness 


Weld  or 
Glue 


ASSEMBLED  PLATES 


Simple  Interlocking  Plates  contain  holes  for  mounting  truss  members  at  90°  or  other 
angles  with  each  other.  A  more  complex  joint  with  four  plates  (lower  right)  allows  members 
to  be  positioned  between  pairs  of  plates,  possibly  making  assembly  easier  and  giving 
greater  rigidity. 
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Approximate  Feedback  Con- 
trol for  a  System  With 
Memory 

The  nearly  optimal  feedback 
gain  can  be  calculated. 

A  report  presents  an  algorithm  for 
calculating  the  feedback  gain  for  control  of 
hereditary  dynamical  systems  (dynamical 
systems  with  memory)  with  control  delay. 
The  problem  is  to  approximate  the  optimal 
feedback  gain  that  minimizes  a  cost  func- 
tion of  the  state  and  control.  The  theory  is 
applicable  to  the  design  of  controllers  for 
mechanical  systems  subject  to  thermal 
deformation,  for  electrical  systems  with 
delay,  for  electrical  systems  with  plasma 
components,  and  for  other  systems  that 
exhibit  memory. 

The  cost  is  expressed  as  a  quadratic 
functional  of  the  state  variables  of  the 
system  and  of  the  control  variables,  over  a 
fixed  time  interval.  The  exact  feedback  law 
is  derived  from  the  dynamic-constraint 
equation  of  the  system.  Making  extensive 
use  of  function-space  theory,  the  author 


discretizes  the  cost  function  to  obtain  a  re- 
latively simple  approximation  of  the  feed- 
back-control law.  The  result  is  a  sequence 
of  approximate  feedback-control  laws  that 
tend  toward  the  optimum  one  sought. 

Stronger  convergence  results  are  ob- 
tained for  this  algorithm  than  for  previous 
algorithms  of  systems  without  control 
delays.  This  algorithm  is  particularly  advan- 
tageous in  that  the  feedback  operator  can 
be  expressed  in  terms  of  the  fundamental 
matrix  of  the  dynamic  constraint,  and  it  is 
never  necessary  to  consider  finite- 
dimensional  approximations  of  the  entire 
evolution  operator  of  the  system. 

One  disadvantage  of  the  algorithm  is 
that  it  requires  much  computation:  at  each 
time  step,  it  is  necessary  to  calculate  and 
store  the  fundamental  matrix,  and  to  per- 
form several  quadratures  and  matrix  inver- 


sions. However,  the  separable  structure  of 
the  feedback  kernel  makes  possible  its 
real-time  implementation  by  parallel 
processing.  Thus,  by  increasing  the 
number  of  processors  one  can  make  the 
computation  time  for  the  feedback  law 
somewhat  independent  of  the  order  of  the 
approximation. 

777/s  work  was  done  by  Mark  H.  Milman 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

"A  New  Approach  to  Approximating  the 
Linear  Quadratic  Optimal  Control  Law  for 
Hereditary  Systems  With  Control  Delays, " 
NPO-16841/TN 


I 
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Simulating  Building  Fires  for  Movies 

Realistic  scenes  are  staged  inexpensively. 


Fire  scenes  for  cinematography  are 
staged  at  relatively  low  cost  in  a  method 
that  combines  several  existing  techniques. 
Nearly  realistic  scenes,  suitable  for  fire- 
fighter training,  are  produced  with  little 
specialized  equipment.  Sequences  of 
scenes  can  be  set  up  quickly  and  easily, 
without  compromising  safety  because  the 
model  is  not  burned. 

The  method  involves  the  optical  overlay 
shown  in  the  figure.  The  images  of  separ- 
ate models  of  fire,  smoke,  and  steam  are 
combined  with  the  help  of  mirrors  and  a 
beam  splitter.  The  model  of  the  structure  to 
be  burned  is  made  from  a  photograph 
mounted  on  cardboard.  Windows,  doors, 
vents,  or  any  other  openings  where 
simulated  fire,  smoke,  or  steam  must 
emerge  are  cut  on  three  sides  to  form 
small  doors.  The  fire  and  steam  templates 
are  black  cardboard  copies  of  the  model, 
complete  with  all  openings  and  identical  to 
the  photograph  in  size  and  shape. 

To  simulate  fire,  orange  and  red 
cellophane  sheets  are  cut  into  thin  strips, 
mounted  above  a  fan  behind  a  fire  tem- 
plate, and  illuminated  from  above  and  be- 
low. When  the  fan  runs,  the  strips  move, 
bouncing  light  through  the  openings  in  the 
template  in  irregular  patterns  and  thereby 
giving  the  appearance  of  fire.  Flames  lick- 
ing out  of  the  top  of  an  opening  are  simulat- 
ed by  cutting  the  top  of  the  opening  on  the 
template  in  an  irregular  pattern  higher  than 
the  top  of  the  corresponding  opening  on 
the  photograph. 

Smoke  and  steam  are  generated  and 
controlled  in  the  same  manner:  the  dif- 
ference between  the  appearances  of  the 
two  is  created  by  a  difference  in  lighting.  A 
smoke  generator  creates  a  thick,  nontoxic 
cloud  of  white  smoke.  The  smoke  is  con- 
tained in  a  box,  where  it  is  heated  to  ensure 
proper  rise  and  piped  to  two  manifolds 
mounted  behind  the  photograph  and  the 
black  steam  template.  It  then  flows  out 
through  the  desired  opening.  The  airflow  is 


16-in.  by  20-in. 
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Mirror 
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Images  of  Fire,  Steam,  and  Smoke  are  superimposed  on  an  image  of  a  building  to  simulate 
the  burning  of  the  building. 
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controlled  by  walls  and  a  hood,  which  pulls 
the  smoke  into  an  exhaust  fan. 

The  appearance  of  black  smoke  is 
created  by  lighting  the  set  from  the  front: 
an  optical  illusion  is  created  wherein  the 
video  camera  records  the  shadow  of  the 
white  smoke,  which  appears  black.  The  ap- 
pearance of  steam  is  created  by  lighting 
the  smoke  from  above,  causing  it  to  appear 


white  in  the  image. 

Whereas  the  initial  setup  of  the  equip- 
ment requires  construction,  the  amount  of 
work  required  for  later  scenarios  is  mini- 
mal. Reconfigurations  for  individual 
scenes,  done  by  opening  and  closing  cut- 
outs, take  only  minutes,  thus  speeding  the 
filming  process.  In  one  application,  65 


scenes  of  about  30-second  duration  were 
filmed  in  less  than  4  hours. 

This  work  was  done  by  Ricardo  C. 
Rodriguez  and  Randall  P.  Johnson  of  Essex 
Corp.  for  Marshall  Space  Flight  Center. 
No  further  documentation  is  available. 
MFS-26044  /TN 
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Fire  Detection  for  Noncoal  Underground  Mines 


Objective 

Provide  reliable,  early-warning 
fire  detection  instruments,  telem- 
etry, and  control  systems  for 
noncoal  underground  mines. 

Approach 

Industrial-grade  fire  detection  in- 
struments and  signal  telemetry 
equipment  were  modified  for 
long-term  exposure  to  harsh 
underground  mine  conditions, 
then  were  installed  in  four  mines 
to  evaluate  long-term  perfor- 
mance and  reliability. 

How  It  Works 

The  elapsed  time  between  the 
onset  of  a  fire  and  its  detection 
is  critical  because  fires  tend  to 
grow  in  size  and  intensity  with 
time.  Early  fire  detection  and 
warning  permit  the  initiation  of  a 
mine's  emergency  plan  (evacua- 
tion, fire  fighting,  etc.)  while  the 
fire  is  still  small,  or  ideally,  while 
it  is  still  in  the  incipient  stage. 
Fire  detection  and  warning 
systems,  utilizing  sensitive  heat, 
flame,  smoke,  and  gas  ana- 
lyzers, provide  the  most  rapid 
and  reliable  indication  of  a 
developing  fire. 

Prototype  equipment  was 
designed  for  four  different  mine 
settings  and  tested  to  determine 
both  the  advantages  and  defici- 
encies of  various  detection  in- 
struments, telemetry,  and  con- 
trol   system    configurations. 


Detection  systems  include  a 
linear  thermal  sensor  designed 
for  a  timbered  salt  mine  shaft; 
ionization-type  combustion  par- 
ticle (smoke)  detectors  designed 
for  use  in  a  multilevel  copper 


mine;  carbon  dioxide,  carbon 
monoxide,  smoke,  oxygen,  and 
heat  detectors  for  use  in  a  deep, 
multilevel  silver  mine;  and  car- 
bon monoxide,  smoke,  heat,  and 
ultraviolet    flame    detectors 


Prototype  early-warning  fire  detection  equipment  being  tested  in  an 
underground  noncoal  mine. 
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designed  for  a  trona  mine.  In 
each  case,  detector  outputs 
were  telemetered  electronically 
to  system  control  equipment  on 
the  surface.  Each  system  control 
provided  a  means  for  displaying 
sensor  levels  in  real-time,  for 
warning  personnel  of  a  potential 
fire  emergency,  for  indicating 
detector  and/or  telemetry  faults, 
and  for  aiding  troubleshooting 
and  repair  operations. 

The  detection  instruments 
and  telemetry  system  compo- 
nents were  selected  based  on 
their  resistance  to  underground 
environmental  exposures.  How- 
ever, as  an  added  precaution 
prior  to  in-mine  installation,  ex- 
tensive testing  was  undertaken 
in  the  laboratory  to  evaluate  the 
effects  of  a  simulated  mine  en- 
vironment on  performance. 
Where  detector  and  telemetry  er- 
rors and  failures  (zero  drift, 
calibration  instability,  circuitry 
failure,  etc.)  could  be  traced  to 
environmental  exposures,  spe- 
cial safeguards  were  imple- 
mented. These  safeguards  in- 
cluded humidity-  and  corrosion- 
resistant  coatings,  hermetically 
sealed  enclosures,  and  specially 
designed  cable,  connectors,  and 
control  circuits. 

Test  Results 

All  systems  performed  satisfac- 
torily during  the  test  period.  Pro- 
duction blasts  were  easily 
recognizable  on  carbon  monox- 
ide chart  recordings  having  ex- 


cursions of  up  to  15  ppm  above 
normal  background,  and  one 
system  actually  sensed  three 
unplanned  fires.  The  in-mine 
tests  also  highlighted  the  harsh 
effects  of  the  mine  environment 
on  detector  and  telemetry  sys- 
tem performance.  False  alarms 
were  registered  by  the  thermal 
detection  system  in  the  salt  mine 
shaft  as  a  result  of  line  voltage 
fluctuations.  The  smoke  detec- 
tion system  telemetry  in  the  cop- 
per mine  was  affected  by  the 
high  temperature  and  relative 
humidity  underground.  The  oxy- 
gen detector  in  the  silver  mine 
experienced  excessive  drift  as  a 
result  of  the  saturated  humidity 
conditions.  In  each  case,  up- 
grades such  as  additional  circuit 
modifications  and  the  use  of 
more  rugged  components  were 
implemented  to  solve  the 
problem. 

Patent  Status 

The  U.S.  Department  of  the  In- 
terior is  not  applying  for  a  patent 
on  these  developments. 

System  costs  vary  according 
to  such  factors  as  the  type  of 
detection  instrument  selected, 
the  sophistication  of  the  control 
system,  the  number  of  detectors 
installed,  and  the  availability  of 
usable  telemetry  lines.  As  an  ex- 
ample of  hardware  costs,  the 
linear  thermal  sensor  costs 
about  $10  per  foot,  the  smoke 
detector  costs  about  $600,  and 
the   carbon    monoxide   sensor 


costs  about  $1 ,500. 

For  More  Information 

Detailed  information  describing  f 
these  systems  is  provided  in 
Bureau  of  Mines  Information  Cir- 
cular (IC)  9030  "Design  and 
Operation  of  Four  Prototype  Fire 
Detection  Systems  in  Noncoal 
Underground  Mines"  by  William 
Pomroy,  1985,  and  IC  8808  "In- 
Mine  Evaluation  of  Underground 
Fire  and  Smoke  Detector,"  by 
Russell  Griffin,  1979.  For  copies 
of  these  publications,  please 
write  to  the  Publications  Distribu- 
tion Section,  Bureau  of  Mines, 
P.O.  Box  18070,  Cochrans  Mill 
Road,  Pittsburgh,  Pennsylvania 
15236.  Additional  technical  infor- 
mation on  any  aspect  of  the 
Bureau's  mine  fire  research  pro- 
gram can  be  obtained  by  con- 
tacting William  H.  Pomroy,  at  the 
Bureau  of  Mines,  Twin  Cities 
Research  Center,  5629  Minne- 
haha Avenue  South,  Minne- 
apolis, MN  55417,  or  telephone 
(612)  725-4500.  A  film  docu- 
menting the  testing  and  develop- 
ment of  a  variety  of  fire  detec-  t 
tion,  warning  and  suppression 
devices  for  underground  metai/ 
nonmetal  mines  is  also  available. 
A  copy  of  the  film  may  be  ob- 
tained on  a  loan  basis  in  16mm, 
Vi "  VHS  cassette  or  % "  U-matic 
tape  formats  by  writing  the  Mo- 
tion Picture  Library,  Bureau  of 
Mines,  Cochrans  Mill  Road,  P.O. 
Box  18070,  Pittsburgh,  PA 
15236. 
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Hydraulic  Fatigue-Testing  Machine 

Multiple  specimens  are  tested  simultaneously. 


A  fatigue-testing  machine  applies  fluc- 
tuating tension  to  a  number  of  specimens 
at  the  same  time.  When  a  sample  breaks, 
the  machine  continues  to  test  the  remain- 
ing specimens.  Thus,  the  series  of  tensile 
tests  needed  to  determine  the  fatigue  prop- 
erties of  a  material  can  be  performed  more 
rapidly  than  in  a  conventional  fatigue- 
testing  machine,  which  accommodates 
only  one  specimen  at  a  time. 

The  machine  (see  figure)  includes  a  pull- 
ing head  mounted  on  a  conventional  cross- 
head  and  containing  hydraulic  cylin- 
ders —  one  for  each  specimen.  All  of  the 
cylinders  communicate  hydraulically  with 
a  common  fluid  passage,  so  that  all  are 
driven  at  the  same  pressure  by  the  source 
of  pressurized  fluid.  Each  cylinder  contains 
a  piston,  the  rod  of  which  is  attached  to  the 
upper  end  of  the  specimen  by  a  clevis  or  by 
a  threaded  connection.  The  lower  end  of 
the  specimen  is  attached  similarly  to  the 
base  of  the  machine.  The  vertical  position 
of  the  pulling  head  can  be  adjusted  to  load 
and  unload  specimens  or  to  accommo- 
date different  specimen  lengths. 

When  the  fluid  is  pressurized,  the  cylin- 
ders move  upward,  applying  tension  to  the 
specimens.  When  the  pressure  is  re- 
moved, the  pistons  move  downward,  and 
the  tension  is  relaxed.  The  top  of  each  cy- 
linder is  vented  to  the  atmosphere  to  pre- 
vent the  buildup  of  pressure  or  suction, 
thereby  enabling  the  pistons  to  move  freely 
during  the  relaxation  periods.  When  a  spe- 
cimen breaks,  the  piston  suddenly  moves 
upward  until  it  reaches  the  top  of  the  cylin- 
der. Because  the  piston  blocks  the  vent 
hole,  there  is  no  loss  of  fluid,  and  the 
pressure  returns  to  the  preset  value  after  a 
momentary  dip. 

The  source  of  pressurized  fluid  is  set  to 
apply  repeatedly  a  preset  pressure  arid 
then  relieve  the  pressure,  to  provide  the 
amount  of  cyclical  tension  in  each  speci- 
men required  for  the  particular  fatigue  test. 

The  total  tension  in  all  specimens  can  be 
monitored  by  mounting  the  pulling  head  at 
the  lower  end  of  a  load  cell  attached  to  the 
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Each  Specimen  Is  Pulled  by  a  hydraulically  driven  piston.  When  a  specimen  breaks,  the  hy- 
draulic pressure  continues  to  drive  the  other  pistons. 


crosshead.  A  conventional  mechanical 
load-cycle  counter  is  used  to  determine  the 
number  of  load  cycles  to  which  each  spe- 
cimen has  been  subjected  before  it 
breaks.  From  the  number  of  cycles  and  the 
stress  level  at  breakage,  the  fatigue 
strength  and  endurance  limit  (if  applicable) 
of  the  specimen  material  can  be  deter- 
mined. 

This  work  was  done  by  James  D.  Hodo, 
Dennis  R.  Moore,  Thomas  F.  Morris,  and 
Newton  G.  Tiller  of  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the  com- 


mercial use  of  this  invention  should  be  ao- 
dressed  to  the  Patent  Counsel,  Marsha; 
Space  Flight  Center  Refer  to 
MFS-28118./TN 

George  C.  Marshall  Space 
Right  Center 

Technology  Utilization  Officer: 

Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight  Center. 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford.  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight  Center. 

AL  35812 

(205)544-0014 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757.  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Leaking  Underground  Storage  Tanks 

Remediation  with  Emphasis  on  In  Situ  Biorestoration 


The  current  literature  indicates  that 
in  situ  biorestoration  has  great  potential 
for  remediation  of  aquifers  contami- 
nated by  leaking  underground  storage 
tanks.  In  situ  aquifer  restoration  involves 
natural  microbial  action  and  the  en- 
hancement of  the  indigenous  microflora 
to  more  efficiently  degrade  subsurface 
pollutants.  Aquifers  amenable  to  en- 
hanced biorestoration  are  usually  those 
that  are  perfusable  with  solutions  that 
carry  the  nutrients  to  the  zone  of  con- 
tamination. The  presence  of  naturally 
occurring  microorganisms  that  can 
degrade  subsurface  contaminants  has 
been  demonstrated.  However,  a  period 
of  adaptation  is  usually  required  before 
the  subsurface  microflora  can  degrade 
pollutants.  Factors  that  may  limit  de- 
gradation, even  in  the  presence  of 
adapted  organisms,  include  lack  of  an 
essential  nutrient,  substrate  concentra- 
tion, substrate  inaccessibility,  pH,  tem- 
perature, and  the  presence  of  toxicants. 
Biorestoration  of  contaminated  aquifers 
often  involves  the  addition  of  limiting 
nutrients  such  as  oxygen,  nitrogen,  and 
phosphorus.  Enriching  for  microor- 
ganisms with  special  metabolic  cap- 
abilities has  been  demonstrated  in  the 
laboratory  and  may  be  applicable  to 
some  in  situ  biorestoration  schemes. 
Mathematical  models  of  biorestoration 
have  been  developed  to  simulate  pro- 
gress of  the  cleanup  and  provide  in- 
formation on  the  kinetics  of  the  process. 
The  full  report  emphasizes  the  state-of- 
the-knowledge  of  in  situ  biorestoration 
techniques  available  for  remediation  of 
contaminated  ground  water. 

Introduction 

One  ground-water  pollution  source 
category  which  has  recently  received  in- 
creased attention  is  underground  storage 
tanks,  specifically,  the  inadvertent  leakage 
of  liquid  products  from  such  tanks  into 
the  unsaturated  and  saturated  zones  This 
document  was  requested  by  the  U.S. 
Environmental  Protection  Agency  (EPA) 
Office  of  Underground  Storage  Tanks 
(OUST)  to  aid  in  planning  a  program  for 
restoring  ground  water  contaminated  by 
leaking  underground  storage  tanks  and  is 


intended  to  guide  OUST  in  making  judge- 
ments regarding  the  efficacy  of  alternative 
technologies  for  remedial  action  The  full 
report  specifically  focuses  on  the  use  of 
innovative  biological  technologies  to 
remove  or  attenuate  contaminants 

Remedial  action  technologies  for  leak- 
ing underground  storage  tanks  can  be 
considered  in  relation  to  preventive 
measures  and  contaminant  plume  man- 
agement. Preventive  measures  include 
corrosion  prevention,  proper  installation 
practices,  material  selection,  and  con- 
tainment systems  Plume  management 
techniques  may  include  one  or  several  of 
the  following: 

(1)  ground  water  pumping  to  extract 
water  from  or  inject  water  into  wells 
to  capture  a  plume  or  alter  the 
direction  of  ground-water  move- 
ment, 

(2)  subsurface  drains  consisting  of 
permeable  barriers  designed  to  in- 
tercept ground-water  systems, 

(3)  vertical  underground  barriers  made 
of  low-permeability  materials  to 
divert  ground-water  flow  or  mini- 
mize leachate  generation  and  plume 
movement;  and 

(4)  innovative  technologies  that  bio- 
logically or  chemically  remove  or 
attenuate  contaminants  in  the 
subsurface 

The  most  recent  and  innovative  tech- 
niques for  aquifer  remediation  involve 
stimulating  the  indigenous  microflora  to 
degrade  subsurface  pollutants.  Stimula- 
tion of  the  native  microorganisms  can 
result  in  the  complete  destruction  of  the 
contaminants  whereas  chemical  or 
physical  treatment  may  result  in  incom- 
plete destruction  or  transfer  of  the  con- 
taminant to  another  phase  of  the 
environment  Biostimulation  is  often 
achieved  by  adding  limiting  nutrients  such 
as  oxygen,  nitrogen,  and  phosphorus.  The 
addition  of  specialized  microbial  popula- 
tions to  degrade  subsurface  pollutants 
has  been  incorporated  into  many  remedi- 
ation projects,  however,  the  role  of  these 
microbes  in  biodegradation  has  not  been 
distinguished  from  that  of  the  indigenous 
microflora 
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Conclusions 

Of  the  available  biological  aquifer 
remediation  techniques,  the  most  effec- 
tive methods  are  enhancement  of  the 
native  population  and  withdrawal  and 
treatment  by  various  wastewater  treat- 
ment processes.  Before  any  aquifer 
remediation  technique  can  be  imple- 
mented, a  thorough  understanding  of  the 
hydrogeology  and  contamination  prob- 
lems of  the  site  must  be  obtained  and 
used  to  design  the  treatment  system. 
Costs  for  treatment  may  range  from  tens 
of  thousands  up  to  tens  of  millions, 
depending  upon  the  extent  and  nature  of 
the  contaminants,  the  nature  of  the  site, 
and  the  desired  cleanup  levels. 

Addition  of  oxygen,  nitrogen,  phos- 
phorus, and  trace  minerals  stimulates 
the  acclimated  indigenous  microbial 
population  to  aerobically  degrade  the 
contaminants.  In  situ  biorestoration  has 
been  chiefly  used  to  treat  gasoline  con- 
taminated aquifers,  but  also  has  been 
employed  with  ethylene  glycol  and  sol- 
vents including  acetone,  tetrahydrofuran, 
methylene  chloride,  n-butanol,  dimethyl 
aniline,  and  isopropanol.  Biorestoration 
effectiveness  will  be  affected  by  toxic 
levels  of  organics  and  heavy  metals.  In 
general,  in  situ  bioreclamation  has  been 
effective  in  reducing  the  quantity  of  the 
contaminants,  but  not  in  completely 
eliminating  them.  The  treatment  moves 
with  the  plume  allowing  treatment  of 
trapped  or  sorbed  contaminants  or,  by 
using  soil  flushing  or  an  infiltration  gal- 
lery, microbial  treatment  can  reach  areas 
that  are  not  accessible  by  other  tech- 
niques. Biorestoration  has  been  used  in  a 
number  of  aquifers,  but  may  be  of  limited 
usefulness  in  those  with  low  permeabili- 
ties. Undesirable  metabolic  and  inorganic 
nutrients  may  escape  from  the  treatment 
zone  and  affect  ground  water  or  surface 
water  quality.  Alternative  oxygen  sources 
such  as  ozone,  hydrogen  peroxide,  pure 
oxygen,  and  air  flooding  or  soil  venting 
may  speed  the  removal  of  the  organic 
contaminants,  but  their  impact  on  the 
microbial  population  and  the  geochemis- 
try of  the  site  is  not  fully  understood. 
Innovative  processes  such  as  treatment 
beds  or  land  treatment  can  be  used  in 
some  situations.  In  the  presence  of  an 
acclimated  microbial  population,  many 
aquifers  will  be  anaerobic  because  the 
microorganisms  will  have  depleted  the 
dissolved  oxygen.  It  will  be  possible  to 


use  anaerobic  degradation  to  remove 
contaminants,  although  the  technology 
for  this  treatment  has  not  yet  been 
developed  Reducing  the  interfacial  ten- 
sion between  the  hydrocarbon  and  ground 
water  with  surfactants,  dispersants,  or 
emulsifiers  will  mobilize  the  contaminants 
and  may  make  them  available  for  micro- 
bial degradation.  Combinations  of  in  situ 
biorestoration  treatment  with  othei 
chemical,  physical,  or  biological  treatment 
processes  have  been  successfully  utilized 
in  aquifer  remediation. 

Treatment  by  biological  wastewater 
processes  is  a  proven  technology  The 
biological  processes  include  activated 
sludge,  lagoons,  waste  stabilization  ponds, 
fluidized  bed  reactors,  trickling  filters, 
rotating  biological  discs,  and  sequencing 
batch  reactors.  All  of  these  processes  are 
dependent  upon  extraction  of  the  con- 
taminated ground  water  from  the  subsur- 
face. Combinations  of  conventional 
wastewater  treatment  processes  and 
other  water  treatment  processes  have 
also  been  successful 

Techniques  for  simulating  the  subsur- 
face biorestoration  process  are  under 
development,  but  little  reliable  field  data 
has  been  generated  that  can  be  applied 
to  these  models.  Some  of  the  major  con- 
siderations in  simulating  transport  and 
biodegradation  of  organic  contaminants 
in  the  subsurface  are  poorly  understood; 
these  include  the  importance  of  transport 
of  organics  to  the  bacteria  and  the  vari- 
ability in  aquifer  parameters. 
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ROADWAY — A  Numerical  Model  for  Predicting  Air 
Pollutants  Near  Highways 

User's  Guide 


ROADWAY  is  a  finite-difference 
model  which  solves  a  conservation  ol 
species  equation  to  predict  pollutant 
concentrations  within  two  hundred 
meters  of  a  highway.  It  uses  surface 
layer  similarity  theory  to  predict  wind 
and  eddy  diffusion  profiles  from  tem- 
perature at  two  heights  and  wind  veloc- 
ity upwind  of  the  highway.  A  unique 
feature  of  the  model  is  its  use  of  vehicle 
wake  theory.  It  is  assumed  that  vehicle 
wakes  affect  the  wind  and  turbulence 
fields  in  a  linear  manner  with  wake 
intensity  a  function  of  vehicle  speed, 
downwind  distance,  and  distance  from 
the  wake  center.  The  user  has  the  option 
of  considering  NO,  N02,  and  03  chemi- 
cal reactions  near  the  road.  Output  from 
the  model  consists  of  x-z  fields  of  wind 
components,  eddy  diffusion  coeffici- 
ents; and  concentration  of  pollutant. 

Introduction 

ROADWAY  is  a  numerical  model  for 
predicting  air  pollution  levels  near  high- 
ways. It  solves  a  conservation  of  species 
equation  via  finite-difference  approxima- 
tions. Temperature  at  two  heights  and 
wind  velocity  upwind  of  the  highway  are 
required.  With  these  inputs,  surface  layer 
similarity  theory  is  used  to  produce  wind 
and  turbulence  profiles.  A  unique  aspect 
of  ROADWAY  is  its  treatment  of  vehicle 
wakes  which  are  superimposed  linearly 
on  the  wind  and  turbulence  fields.  The 
vehicle  wake  intensity  is  a  function  of 
vehicle  speed,  downwind  distance,  and 
distance  from  the  wake  center.  Addi- 
tionally, the  user  has  the  option  of  con- 
sidering NO,  N02,  and  03  chemistry; 
reactions  of  these  pollutants  are  cal- 
culated by  a  two-step  mechanism  applic- 
able to  the  very  near  field.  Output  from 
the  model  consists  of  fields  in  the  x-z 
plane  for  wind  components,  eddy  diffusion 
coefficients,  and  concentrations  of  four 
pollutant  species. 

To  estimate  concentrations  for  any 
simulated  hour,  information  on  meteoro- 
logy, highway  configuration,  and  emis- 
sions are  required.  The  meteorological 


information  needed  for  the  computation 
includes  representative  roughness  length, 
temperature  at  two  heights  upwind  of 
the  highway,  and  hourly  average  wind 
speed  and  direction  at  the  level  of  the 
upper  temperature  sensor.  If  the  chemistry 
option  is  exercised,  two  photochemical 
reaction  rate  constants,  background  for 
each  species,  and  conversion  factors 
(gm/sec  to  ppm)  are  also  required. 

Since  ROADWAY  is  a  numerical  model, 
it  has  none  of  the  limitations  generally 
associated  with  Gaussian  algorithms. 
That  is, 

•  it  is  a  multilayer  model  which  con- 
siders vertical  variation  of  both  wind 
and  diffusivity, 

•  it  can  treat  calm  or  light  wind  condi- 
tions, and 

•  it  can  simulate  chemical  reactions 
of  the  emitted  pollutant  species. 

Also,  the  model  can  include  up  to  ten 
traffic  lanes  and  has  features  to  reduce 
execution  costs  (at  the  expense  of  ac- 
curacy) and  to  provide  intermediate 
output.  ROADWAY  was  developed  in- 
dependent of  tracer  data,  and  has  been 
demonstrated  to  perform  as  well  as  other 
highway  models  currently  available. 

ROADWAY  has  several  limitations.  A 
major  restriction  of  the  model  is  the  re- 
quirement that  the  vehicle  speed  be  much 
greater  than  the  wind  speed.  This  require- 
ment, however,  should  be  met  in  most 
instances  of  significant  pollutant  impacts. 
More  importantly,  the  model  is  valid  for 
all  vehicle  speeds  when  wind  speeds  are 
light.  Another  limitation  is  that  ROADWAY 
does  not  consider  wind  meander  which 
becomes  important  when  the  mean  wind 
is  parallel  to  the  highway  Also,  because 
its  use  is  restricted  to  the  very  near  field 
(within  200  m  of  the  roadway),  other 
algorithms  would  be  better  suited  for 
calculating  impacts  at  longer  distances. 
Finally,  since  ROADWAY  algorithms  are 
numerically  solved,  computer  execution 
costs  are  greater  than  those  of  algorithms 
based  on  the  Gaussian  simplification. 

Discussion 

The  diffusion  equation  derived  from  a 
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statement  of  the  conservation  of  mass  or 
species,  forms  the  basis  for  the  ROADWAY 
computational  system.  This  equation  is 
one  of  three  partial  differential  equations 
used  to  describe  distributed  parameter 
systems  otherwise  known  as  fields. 

The  conservation  of  species  equation 
(i.e.,  a  diffusion  equation),  is  used  to 
predict  pollutant  concentration  fields  near 
highways.  The  finite-difference  method 
used  in  ROADWAY  represents  the  time- 
space  continuum  by  a  set  of  discretely 
spaced  points,  the  grid  produced  by  these 
points  is  not  evenly  spaced  upon  the  field 
in  ROADWAY  since  higher  resolution  is 
needed  near  the  road  and  lesser  away 
from  it.  An  algebraic  equation  approxi- 
mating the  partial  differential  equation  is 
derived  for  each  grid  point.  The  solution 
is  found  by  solving  these  equations  for  all 
points  in  the  grid  after  applying  boundary 
conditions  and  initial  values  to  the  field. 
Since  ROADWAY  is  a  numerical  model,  it 
has  none  of  the  limitations  of  Gaussian 
solutions  to  the  diffusion  equation.  That 
is, 

•  ROADWAY  is  a  multilayer  mode! 
which  considers  vertical  variation  or 
both  wind  and  diffusivity, 

•  it  treats  calm  or  light  wind  conditions, 
and 

•  optionally  computes  chemical  re- 
actions of  source  pollutant  species. 

As  mentioned  previously,  ROADWAY 
requires  a  reduced  meteorological  input 
data  set.  Realistic  wind  and  turbulence 
profiles  can  be  calculated  using  surface 
layer  similarity  theory.  The  model  was 
developed  on  theoretical  grounds  and 
using  wind  tunnel  experiments  and  is 
independent  of  tracer  studies.  It,  never- 
theless, performs  as  well  as  the  most 
accurate  highway  models  today.  Up  to 
ten  traffic  lanes  can  be  simulated.  The 
model  can  provide  intermediate  output 
and,  at  the  expense  of  accuracy,  has 
features  to  reduce  execution  costs. 

Since  the  algorithms  of  ROADWAY  are 
solved  by  a  computer,  the  calculations 
are  subject  to  truncation  and  roundoff 
errors.  In  the  context  of  numerical 
analysis,  truncation  errors  occur  in  ap- 
proximating infinite  series  by  a  finite 
number  of  terms.  Roundoff  errors,  on  the 
other  hand,  are  machine-dependent  and 
occur  because  computations  are  done  on 


the  precision  of  a  computer  which  in- 
troduces errors  by  the  dropping  off  of 
digits.  Another  source  of  error  is  that 
related  to  computational  instability.  In 
solving  the  conservation  of  species 
equation,  both  the  time  and  space  vari- 
ables must  be  discretized  by  means  of 
finite-difference  expansions.  A  small  error 
made  at  one  time  step  of  the  calculation 
can  result  in  a  larger  error  at  a  later  time 
resulting  in  unbounded  error  growth.  A 
segment  of  the  ROADWAY  code  tests 
conditions  to  ensure  that  calculations 
remain  stable. 

A  model  limitation  is  that  the  vehicle 
speed  must  be  much  greater  than  the 
ambient  wind  speed.  Considering  usual 
freeway  speeds  and  meteorological  sce- 
narios where  significant  pollutant  impacts 
would  occur,  this  may  not  be  a  limitation. 
More  importantly,  the  model  is  valid  for 
all  vehicle  speeds  when  winds  are  light 
which  is  when  Gaussian  approaches 
breakdown.  ROADWAY  does  not  consider 
wind  meander;  this  becomes  important 
when  the  mean  wind  is  nearly  parallel  to 
the  highway.  The  use  of  ROADWAY  is 
restricted  to  the  very  near  field-within 
two  hundred  meters  of  the  roadway, 
beyond  two  hundred  meters  meteorologi- 
cal processes  that  are  not  accounted  for 
in  the  model  become  important. 

Another  limitation  is  costs  related  to 
computer  execution.  Being  a  numerical 
model,  ROADWAY  is  relatively  expensive 
to  run  when  compared  to  Gaussian-based 
models.  Execution  time  using  the  chemis- 
try option  is  on  the  order  of  10  CPU 
minutes  on  a  DEC  VAX-1 1  /780.  ROAD- 
WAY implementation  on  a  personal 
computer  is  entirely  possible  and  execu- 
tion costs  in  this  environment  would  be 
much  less. 

Due  to  its  applicability  in  only  the  near 
field  and  because  of  execution  expense, 
ROADWAY  is  recommended  for  use  in 
conjunction  with  a  Gaussian  model  such 
as  HIWAY-2. 
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author   Robert    £     Eskridge   is    with   the   Atmospheric   Sciences   Research 
Laboratory.  Research  Triangle  Park,  NC  277  J  J 
D   Bruce  Turner  is  the  EPA  Protect  Officer  (see  below) 

The  complete  report    entitled     ROADWAY~A  Numerical  Model  tor  Predicting 
Air  Pollutants  Near  Highways    User's  Guide.'    {Order  No    PB  87-171  906. 
Cost        A07  ,  subject  to  change)  will  be  available  only  from 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 
Telephone    703  487  4650 
The  EPA  Project  Officer  can  be  contacted  at 
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Department  of  Health  and  Human  Services 

National  Institute  for  Occupational  Safety  and  Health 

Respiratory  Protection  for  the  Asbestos  Abatement 
Industry 

An  updated  guide  gives  practical  guidance 

A  guide  has  been  prepared  to  provide  practical  guidance  in  the  se- 
lection and  use  of  respiratory  protection  to  persons  who  work  in 
asbestos  abatement.     The  recommendations  also  apply  to  other  work- 
ing activities,  such  as  maintenance  or  repair,  where  exposure  or  the 
potential  for  exposure  to  asbestos  exists.     Because  of  the  well-docu- 
mented risk  to  health  associated  with  asbestos  and  uncertainties  sur- 
rounding the  level  which  can  cause  disease,  exposures  must  be  con- 
trolled to  the  lowest  level  possible  as  determined  by  the  most  sensi- 
tive and  reliable  monitoring  methods.     This  guide  is  divided  into  five 
parts.     Part  I  is   an  introduction  to  the  hazards  associated  with  air- 
borne asbestos  and  to  the  issues  involving  respiratory  protection  a- 
gainst  asbestos.     Part  II   presents  a  model  respiratory  protection  pro- 
gram for  the  asbestos  abatement  industry  which  both  satisfies  cur- 
rent Federal  regulations  and  incorporates  the  most  current  informa- 
tion on  appropriate  respirators  for  use  against  airborne  asbestos 
fibers.     Part  HI    contains  a  checklist  for  developing  or  evaluating  a 
respiratory  protection  program.     Part  IV    presents  information  on 
breathing  air  systems  for  supplied-air  respirators.     Part  V   lists 
sources  of  help  for  problems  involving  respirator  use. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     PB87-157574/NAC 

Price  code:     A08 
To  discuss  this  effort  further,  contact 
Gary  P.  Noonan 
National  Institute  for  Occupational  Safety 

and  Health 
Morgantown,  West  Virginia     26505 
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The  UAM  is  a  3-dimensional  gridded  air 

quality  simulation  model  that  is  well  suited 
for  predicting  the  spatial  and  temporal  dis- 
tribution of  photochemical  pollutant  con- 
centrations in  an  urban  area.  The  model  is 
based  on  the  equations  of  conservation  of 
mass  for  a  set  of  reactive  pollutants  in  a 
turbulent  flow  field.  To  solve  these  equa- 
tions the  UAM  uses  numerical  techniques 
set  in  a  3-D  finite  difference  grid  array  of 
cells,  each  about  1  to  10  kilometers  wide 
and  10  to  several  hundred  meters  deep. 
As  output,  the  model  provides  the  calculat- 
ed pollutanl  concentrations  in  each  eel!  as 
a  function  of  time.  The  chemical  species  of 
prime  interest  included  in  the  UAM  simula- 
tions are  03,  NO,  N02  and  several  organic 
compounds  and  classes  of  compounds. 
The  UAM  system  contains  at  its  core  the 
Airshed  Simulation  Program  that  accesses 
input  data  consisting  of  10  to  14  files,  de- 
pending on  the  program  options  chosen. 
Each  file  is  created  by  a  separate  data 
preparation  program.  There  are  17  pro- 
grams in  the  entire  UAM  system.  The  ser- 
vices of  a  qualified  dispersion  meteorolo- 


gist, a  chemist,  and  a  computer  program- 
mer will  be  necessary  to  implement  and 
apply  the  UAM  and  to  interpret  the  results. 

The  program  is  written  in  the  FORTRAN 

programming  language  for  implementation 
on  a  UNIVAC  1110  computer  under  the 
UNIVAC  110  0  operating  system  level 
38R5A.  Memory  requirement  is  80K. 

For  Additional  Information: 

For  information  about  ordering  this  soft- 
ware, contact  the 
NTIS  Computer  Products  Center,  NTIS, 
5285  Port  Royal  Road,  Springfield,  VA 
22161;  (703)  487-4763. 

Refer  to  PB87-173217/NAC 

Source  tape  is  in  the  ASCII  character  set. 
This  restricts  preparation  to  9  track,  one- 
half  inch  tape  only.  Identify  recording  mode 
by  specifying  density  only.  Call  NTIS  Com- 
puter Products  if  you  have  questions.  Price 
includes  documentation,  PB85-191575, 
and  PB85-191567. 
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Development  and  Evaluation  of  a  Real-Time  pH  and 
Conductivity  Rain  Monitor 


Acidic  wet  deposition  (acid  rain)  is 
thought  to  be  responsible  for  a  variety 
of  deleterious  effects  on  ecosystems 
and  on  natural  and  man-made  materi- 
als. Determining  and  quantitating  these 
effects  is  complicated  by  the  fact  that 
rain  is  a  low  ionic  strength  solution  of 
many  different  salts  and  organic  com- 
pounds. Measurements  of  parameters 
such  as  pH  are  difficult  and  the  rain 
samples  are  subject  to  modification  by 
chemical  and  biological  mechanisms. 
Detailed  understanding  of  a  rain  event 
requires  measurement  of  concentration 
of  chemical  species  as  a  function  of 
amount  of  precipitation  during  a  rain 
event  because  rain  is  more  concen- 
trated at  the  beginning  of  an  event  and 
becomes  more  dilute  as  the  various 
salts  are  washed  out  of  the  atmos- 
phere. 

This  report  describes  the  features 
and  performance  of  a  monitor  that  was 
designed  to  fractionate  a  rain  event  into 
samples  corresponding  to  0.3  mm  of 
rain,  determine  the  pH  and  conductivity 
of  the  samples  within  approximately 
one  minute  of  collection,  and  store  the 
remainder  of  the  sample  for  more  de- 
tailed analysis. 

Introduction 

The  main  objectives  of  this  project 
have  been  to  design,  construct  and  eval- 
uate an  automated  wet  precipitation 
monitor  that  can  measure  the  pH  and 
conductivity  of  rain  in  near  real-time, 
collect  discrete  fractions  of  rain  events, 
and  store  the  samples  for  later  labora- 
tory analysis.  The  design  of  the  monitor 
called  for  unattended  operation  for  peri- 
ods of  up  to  one  week.  Evaluation  of  the 
system  included  studies  of  the  stability 
of  rain  samples  under  the  refrigerated 
storage  conditions  provided  by  the 
sampler. 

To  achieve  the  primary  objectives  a 
monitor  (see  Figure  1  for  schematic  of 
unit)  with  the  following  key  features 
was  designed,  fabricated  and  tested: 

The  monitor  utilized  a  Teflon-coated 
inlet.  The  rain  was  collected  in  dual  ac- 


cumulators so  that  one  sample  could  be 
undergoing  analysis  while  the  succeed- 
ing sample  was  being  collected  in  the 
other  accumulator.  This  arrangement 
allowed  near  real-time  measurements, 
since  a  sample  corresponds  to  0.3  mm 
of  rain  and  is  analyzed  as  soon  as  that 
increment  of  rain  is  accumulated  (about 
45  seconds  during  a  1-inch  per  hour 
rainfall). 

A  microprocessor  (Z80)  was  used  to 
control  the  pH  and  conductivity  meas- 
urements and  the  storage  carousel.  The 
microprocessor  also  controlled  a  QC 
program  and  produced  a  printed  record 
of  the  QC  results  (See  Figure  2  for  exam- 
ple of  6  weeks  of  QC  data).  The  system 
allowed  operator  specification  of  the 
frequency  of  QC  analysis  and  a  number 
of  measurement  parameters,  such  as 
the  tolerance  band  for  successive  pH 
readings,  before  accepting  a  series  of 
readings  as  a  valid  pH  measurement. 
An  additional  option  that  was  not  imple- 
mented in  the  original  sampler  was 
using  the  microprocessor  to  telemeter 
data  back  to  the  laboratory. 

Thirty-five  milliliter  aliquots  of  the 
samples  were  stored  in  a  refrigerated 
carousel  for  more  extensive  analysis  in 
a  laboratory. 

Thus,  the  output  from  the  sampler 
consists  of  a  printed  record  of  analyses 
of  QC  samples,  of  the  time,  date,  vial 
number,  pH  and  conductivity  of  rain 
samples,  and  up  to  fifty  35  ml  aliquots 
of  rain. 

This  report  contains  some  examples 
(Figures  3  and  4)  of  typical  rain  events 
described  in  terms  of  ionic  concentra- 
tions vs.  vial  number  (equivalent  to 
amount  of  rain)  and  presents  the  results 
of  sample  stability  studies  in  addition  to 
providing  conclusions  and  recommen- 
dations regarding  the  performance  of 
the  sampler.  Appendix  A  of  the  full  re- 
port is  a  copy  of  the  "Acid  Precipitation 
Monitor  Manual"  which  was  written  by 
Northrop  Services,  Inc.  to  describe  the 
monitor  and  its  operation. 

Recommendations 

1.  The  current  project  did  not  have  suf- 
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ficient  resources  to  address  organic 
compounds  in  rain.  No  information 
regarding  sample  integrity  for  or- 
ganic acids,  pesticides,  or  other  or- 
ganic species  was  obtained.  The  per- 
formance of  the  sampler  with 
respect  to  these  materials  should  be 
investigated  so  that  the  behavior  of 
these  materials  in  rain  could  be 
measured. 

2.  As  noted  in  the  Conclusions,  the  inlet 
opening  was  too  large  for  many  ap- 
plications. It  is  estimated  that  an 
opening  that  is  a  factor  of  2  to  3 
smaller  than  the  current  one  would 
be  a  better  choice.  However,  the 
large  inlet  does  provide  a  fine  frac- 
tionation of  a  rain  event  and  can  pro- 
duce  detailed  information  on 
washout  phenomena. 

3.  A  conductivity  bridge  with  higher 
conductivity  ranges  should  be  incor- 
porated into  future  units.  The  current 
model  had  an  upper  limit  of  100  mi- 
crosiemens,  but  that  range  was  often 
exceeded  during  the  early  portions 
of  a  rain  event. 

4.  The  current  monitor  is  limited  to  a 
lower  operating  temperature  of  ap- 
proximately 15°F.  For  routine  field 
operations  the  monitor  should  have 
heaters  and  insulation  added  to  per- 
mit cycling  to  lower  temperatures. 
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Figure  2.         Plot  of  quality  control  results  vs  date 
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Borehole  Sensing  Methods  for  Ground-Water 
Investigations  at  Hazardous  Waste  Sites 


The  complex  nature  of  the  ground- 
water contamination  problem  requires 
the  collection  of  extensive  amounts  of 
data  in  order  to  understand  the  problem 
well  enough  to  recommend  and  execute 
the  appropriate  remedial  action.  As  the 
complexity  and  consequences  of  ground- 
water contamination  increase,  geo- 
physical methods  are  becoming  a  cost- 
effective  approach  to  providing  answers 
to  hydrogeologic  questions  associated 
with  ground-water  contamination. 

Geophysical  methods  applicable  to 
hazardous  waste  site  investigations  can 
be  broken  down  into  two  categories: 
surface  and  subsurface  methods.  Sur- 
face methods  offer  the  advantage  of 
relatively  little  capital  investment  at  the 
site  (no  borehole  is  required),  and  rapid 
collection  of  data  over  a  horizontal  area. 
However,  the  interpretation  is  often 
ambiguous  and  limited  in  vertical  reso- 
lution. Subsurface  methods  require  a 
borehole  and  can  only  investigate  an 
area  immediately  around  the  borehole. 
However,  subsurface  methods  provide 
excellent  information  and  resolution  for 
vertical  changes  in  measured  param- 
eters. Also,  a  synergistic  effect  is 
achieved  when  certain  logs  run  together, 
potentially  providing  unambiguous  in- 
terpretation of  hydrogeologic  param- 
eters, especially  in  the  vertical 
dimension. 

Introduction 

The  complex  nature  of  the  ground- 
water contamination  problem  requires 
the  collection  of  extensive  amounts  of 
data  in  order  to  understand  the  problem 
well  enough  to  recommend  and  execute 
the  appropriate  remedial  action.  Because 
it  is  nearly  impossible  to  collect  adequate 
amounts  of  data  using  traditional  hy- 
drogeologic methods,  new  methods  must 
be  developed. 

Geophysical  methods  have  been  widely 
used  in  oil  and  mineral  exploration  since 
the  1920's.  However,  due  to  their  cost 
and  the  relative  simplicity  of  most  pre- 
vious ground-water  problems,  geophysical 
methods  have  not  commonly  been  used 


for  ground-water  investigations  As  the 
complexity  and  consequences  of  ground- 
water contamination  increase,  geophysics 
is  becoming  a  more  cost-effective  ap- 
proach to  answer  the  hydrologic  ques- 
tions associated  with  ground-water 
contamination. 

Geophysical  methods  applicable  to 
hazardous  waste  site  investigations  are 
of  two  types:  surface  and  subsurface 
methods.  Surface  methods  offer  the  ad- 
vantages of  relatively  little  capital  in- 
vestment at  the  site  (no  borehole  is 
required)  and  rapid  collection  of  data  over 
a  horizontal  area.  However,  interpretation 
is  often  ambiguous  and  limited  in  vertical 
resolution.  Subsurface  methods  require 
a  borehole  and  can  only  be  used  to  in- 
vestigate an  area  immediately  around 
the  borehole.  However,  these  methods 
provide  excellent  information  on  vertical 
changes  in  measured  parameters.  A  suite 
of  complementary  logs  has  the  potential 
to  provide  unambiguous  interpretation  of 
hydrogeologic  data,  especially  in  the 
vertical  dimension. 

Conclusions 

Severe  limitations  exist  for  using  tradi- 
tional borehole  interpretation  methods 
and  tools  These  methods  and  tools  have 
been  developed  for  petroleum  industry 
applications.  In  the  petroleum  industry, 
the  boreholes  typically  are  deep,  uncased, 
with  a  large  diameter.  Several  tools  are 
attached  to  one  sonde,  which  may  be  5-m 
long.  The  formations  to  be  evaluated  are 
primarily  lithified  sequences  of  sandstone, 
shale  and  limestone.  For  the  typical 
hazardous  waste  site,  the  boreholes  are 
shallow,  cased  and  small  diameter  The 
tools  must  be  capable  of  fitting  down 
5-cm  boreholes  and  be  attached  to  short 
sondes  to  allow  complete  borehole  pene- 
tration. The  formations  in  and  around 
hazardous  waste  sites  are  typically  un- 
consolidated, heterogeneous  alluvial 
material. 

An  interpretation  strategy  is  proposed 
which    has,    as    input,    gamma    densn\ 
natural  gamma,  induction,  televiewer  and 
horizontal    borehole   flow   meter     Using 
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these  tools  together  with  selected  site 
specific  input,  the  following  hydrogeologic 
parameters  can  be  determined  as  a  func- 
tion of  depth:  effective  porosity,  hydraulic 
conductivity  tensor,  ground-water  velo- 
city, and  pore  fluid  conductivity. 

Laboratory  testing  of  the  thermal 
ground-water  flow  meter  shows  that 
directional  accuracy  is  acceptable  in  a 
5-cm  borehole  for  ground-water  velocities 
greater  than  0.5  m/d.  Experimental  re- 
sults show  that  laboratory  calibration  of 
instrument  readout  to  ground-water 
velocity  is  highly  questionable.  However, 
theoretical  work  demonstrates  that  the 
laboratory  calibration  may  not  be  neces- 


sary. Theory  is  developed  that  allows 
direct  calculation  of  both  ground-water 
specific  discharge  and  aquifer  hydraulic 
conductivity.  The  instrument  will  require 
modification  for  this  procedure,  but  the 
method  shows  great  promise 
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1090  Blinded  Metering  Valve  for  Pneumatic  Transfer  of  Abrasive 
Solids 

1091  Control  of  Welding  Processes 

1092  IMDAS  Provides  Interface  from  Generated  Data  to  Control 
Modules 

1093  Vertical  Workstation  Capabilities  Enhanced 

1094  Lapping  and  Polishing  an  Elliptical  Bore  —  A  numerically 
controlled  milling  machine  is  modified  to  make  the  head 
reciprocate. 

1095  Spray  Gun  With  Constant  Mixing  Ratio  —  A  lightweight 
mechanism  would  maintain  the  desired  ratio  of  two  compo- 
nents. (Licensing  Opportunity) 

1096  Bonded-Plate  Airfoil  Construction  —  A  new  technique  offers 
greater  capabilities  for  wind-tunnel  researchers. 

1097  Portable  Slot-Sizing  Tool  —  Field  modifications  can  be  done 
with  this  tool  made  from  commercially  available  parts. 

1098  Metal-Clad  Graphite/Epoxy  Tubes  —  Structural  parts  feature 
low  weight,  low  thermal  expansion,  and  high  stiffness.  (Li- 
censing Opportunity) 

1099  Drilling  Holes  in  Graphite/Epoxy  —  A  relatively  long-lived  bit 
produces  high-quality  holes. 

Testing  &  Instrumentation 

1 1 00  Nonlinear  Coherence  Function  for  Machinery  Diagnosis  — 
Vibration  spectra  are  analyzed  for  signs  of  trouble. 


Technology  Application 


Idaho  National  Engineering  Laboratory 

Blinded  Metering  Valve  for  Pneumatic  Transfer  of  Abrasive 
Solids 


A  commercially  available  plug  used  for 
metering  fines  transport  has  been  modi- 
fied by  adding  a  blinded  pocket  in  the 
port,  reducing  the  port  inlet  diameter. 
These  modifications  have  at  least  doubled 
the  valve  lifetime  due  to  decreased  ero- 
sion. 

Why  is  this  better  than  existing  technol- 
ogy? The  service  life  of  the  commercial 
valve  is  at  least  doubled  reducing  the 
amount  of  maintenance  needed. 


Potential  uses  and  spinoffs: 
Any  pneumatic  transport  lines  which  re- 
quire metering  of  fines. 

For  Additional  Information: 

Mr.  Ron  J.  Bliss, 

Idaho  National  Engineering  Laboratory 

P.  0.  Box  4000 

Idaho  Falls,  ID  83403 

(208)526-0997 
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National  Materials  Advisory  Board 

Washington,  DC 


Control  of  Welding  Processes 

Welding  is  today  the  most  commonly  used  method  of  joining  components 
in  the  fabrication  of  complex  structures.     If  the  structure  is  to  perform 
satisfactorily,  the  integrity  of  the  welded  joints  must  be  as  good  as  the 
materials  being  joined.    Because  weld  quality  is  such  an  important  fac- 
tor, a  National  Materials  Advisory  Board  Committee  on  Welding  Controls 
was  asked  to  identify  the  variables  in  welding  processes  to  ascertain 
where  existing  control  technology  must  be  better  understood  and  improved 
to  ensure  the  necessary  uniformity  and  reproducibility  of  structural  welds. 

Automatic  welding  processes  are  being  used  more  and  more  in  manu- 
facturing, and  this  has  led  to  an  increased  requirement  for  close  control 
of  the  process.     Because  welding  is  such  a  complicated  process,  control 
strategies  are  needed  to  close  the  gap  between  what  is  desired  by  industry 
and  what  is  practiced.     Some  of  the  variables  in  the  process  include  the 
base  material,  joint  preparation,  controllability  of  the  automated  system, 
consistency  of  consumables,  and  welding  environment.     The  imporatance 
of  understanding  the  basic  processes—arc  physics,  heat  and  fluid  flow, 
solidification,  and  process  disturbances,  etc.— is  emphasized.     The 
state  of  the  art  in  welding  process  modeling  and  the  feasibility  and  need 
for  adaptive  control  are  described.     At  present,  empirically  derived  models 
for  some  processes  have  been  developed,  and,  if  further  understanding  of  \ 

the  complex  interactions  can  be  achieved  and  verified,  systems  based  on 
fully  integrated  computer-aided  design  and  manufacturing  and  adaptive 
controls  can  be  achieved.     Such  a  welding  process  simulation  could  permit 
the  design  engineer  to  know  in  advance  the  interaction  of  weldment  pre- 
paration, fixture  design,  distortion,  and  mechanical  properties  and  thus 
do  a  much  better  job  of  optimizing  the  entire  process. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A177893/NAC 

Price  code:     A04 
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IMDAS  Provides  Interface  from  Generated  Data  to 
Control  Modules 


The  AMRF,  designed  as  a  "data 
driven"  control  system,  can  handle  a 
broad  range  of  parts  for  automated 
manufacturing.  However,  it  requires 
an  effective  interface  between  the 
data  that  is  generated  and  the  con- 
trol modules  that  use  this  data.  To 
meet  this  requirement,  AMRF  re- 
searchers are  developing  the  Inte- 
grated Manufacturing  Database  Ad- 
ministration System  (IMDAS),  a 
distributed  data  system. 

The  IMDAS  is  a  software  system 
that  provides  update  and  retrieval 
services  over  pre-existing,  distributed, 
heterogeneous  files  and  databases.  It 
provides  the  control  systems  of  the 
AMRF  access  to  the  data  necessary  to 
support  the  design,  planning,  manu- 
facture, assembly,  and  inspection  of 
parts.  It  also  handles  the  admini- 
strative tasks  of  storing  new  data, 
accepting  requests  for  old  data,  loca- 
ting and  updating  that  data,  and  trans- 
ferring the  results.  Control  or  plan- 
ning programs  in  the  facility  need  not 
know  anything  about  how  or  where 
the  information  is  stored,  only  how  to 
make    the    request    to    the    IMDAS. 

Conceptually,  all  data  transactions 
by  an  AMRF  process  use  one  inte- 
grated database  which  is  managed  by 
the  IMDAS. 

The  IMDAS  effort  includes  the 
logical  design  of  the  data  model  that 
represents  the  AMRF  requirements, 
the  use  of  standards  for  data  inter- 
change, and  the  architecture  of  the 
distributed  data  system  for  managing 
the  AMRF  data.  The  design  of  the 
data  model  is  derived  from  the  original 
AMRF  factory  model  which  defines 
static  data  (machinability  data,  part 
design,  process  planning,  control  code) 
and  dynamic  data  (control  system 
status,     part     status,     order     status). 


To  handle  the  complexity  of 
computer-aided  design  data,  re- 
searchers use  the  modeling  capability 
of  the  Semantic  Association  Model 
(SAM*)  developed  at  the  University 
of  Florida.  A  data  dictionary  main- 
tains information  about  the  data,  the 
local  environment  in  which  it  resides, 
and  how  to  acquire  it.  In  addition,  a 
generic  data  manipulation  language, 
based  on  Standard  Query  Language 
(SQL)  but  able  to  handle  special 
manufacturing  data  types,  has  been 
implemented. 

The  IMDAS  uses  ANSI/ISO  Ab- 
stract Syntax  Notation  (ASN.1),  a 
machine  independent  encoding  lan- 
guage, to  define  the  command  and  sta- 
tus messages  among  the  users  and  the 
interchanges  within  the  data  system. 

The  IMDAS  architecture  is  defined 
as  a  three-level  system.  The  bottom 
level  is  the  Basic  Data  Administration 
System  (BDAS),  a  software  module 
resident  on  every  computer  used  in 
the  AMRF.  The  BDAS  provides  inter- 
process and  network  communication, 
data  and  command  translation  and 
local  data  management. 

The  middle  level,  the  Distributed 
Data  Administration  System  (DDAS), 
determines  where  and  how  the  data- 
base operations  are  to  be  performed 
using  its  data  dictionary  facility.  The 
DDAS  provides  for  the  conversion  of 
user  queries  to  the  standard  internal 
representation,  query  scheduling,  and 
conflict  detection.  There  is  usually 
one  DDAS  for  each  separate  group  of 
components  within  the  AMRF. 

The  Master  Data  Administration 
System  (MDAS)  is  the  top  level  of 
the  system.  It  is  essentially  a  DDAS 
with  information  about  all  of  the 
AMRF  data.  At  system  initialization, 
one   of  the   DDAS's   is   chosen   to   be 
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the  MDAS. 

A  prototype  of  the  I  MDAS  was 
successfully  used  in  the  December 
1986  test  run  of  the  AMRF.  It  is 
currently  being  expanded  to  extend  to 
more  computer  systems  and  to  ad- 
ditional underlying  database  manage- 
ment systems. 


For  Additional  Information: 

To  discuss  this  effort  further,  contact: 
Cita  Furlani 

AMRF  Project  Manager 
Building  220— Room  A-127 
National  Bureau  of  Standards 
Gaithersburg,  MD  20899 
(301)975-3543 
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Vertical  Workstation  Capabilities  Enhanced 


A  new  feature-based  design  proto- 
col for  the  AMRF  Vertical  Work- 
station (VWS)  allows  the  user  to  des- 
cribe a  design  in  purely  geometric 
terms  without  being  concerned  with 
the  method  or  order  in  which  the 
design  features  will  be  machined. 

With  the  system,  called  VWS2,  the 
design  of  a  part  can  be  expressed  as  a 
list  in  arbitrary  order  of  features  on  a 
piece  of  blank  stock.  The  features, 
although  purely  geometric,  are  chosen 
to  be  ones  that  are  readily  machined. 

Once  a  part  is  designed,  the  VWS2 
system  can  automatically  produce  a 
plan  for  machining  it.  This  process 
plan  is  a  list  of  machining  operations 
to  be  performed.  The  process  plan 
and  the  design  are  then  fed  into  a 
third  software  module  which  auto- 
matically generates  NC  code  for  the 
workstation's  vertical  milling  machine. 

The  workstation's  equipment  con- 
troller has  been  restructured  to  sup- 
port parallel  activities  in  the  work- 
station. Multi-command  strings  from 
the  workstation  controller  can  now  be 
executed  simultaneously  and  process 
plans  can  be  carried  out  more  quickly. 
With  one  string  command,  it  is  pos- 
sible to  download  a  new  NC  program 
to  the  machine  tool  controller,  open 
the  gripper,  move  the  robot  to  a  new 
location,  turn  off  the  vacuum  chip 
removal  system,  and  open  the  vise. 

Robot  programs  now  reside  in  the 
workstation  controller's  process  plans. 


This  allows  the  robot's  work  volume 
to  be  partitioned  into  a  group  of  local 
work  volumes,  each  of  which  is  de- 
fined by  a  single  taught  frame  of 
reference.  Access  to  any  location 
within  each  of  the  work  volumes  is 
through  coordinate  transformations  re- 
ferred to  the  taught  frame. 

The  robot's  grippers  have  been  re- 
designed allowing  it  to  rotate  a  part 
after  the  robot  has  grasped  it.  This 
makes  some  multiple-surface  milling 
practical  to  implement.  In  addition, 
the  robot's  new  ability  to  change  its 
fingers,  allows  it  to  lift  small  pre- 
fixtured  pallets  and  grasp  tool  adapters 
for  eventual  insertion  into  the  machine 
tool's  changer. 


For  Additional  Information: 

To  discuss  the  VWS2  effort  further, 
contact: 

Tom  Kramer 

AMRF  Project  Manager 

Building  220— Room  A-127 

National  Bureau  of  Standards 

Gaithersburg,  MD  20899 

(301)975-3518 

To  discuss  the  workstations  equipment 
further,  contact: 

Frd  Rudder 

AMRF  Project  Manager 

Building  220—  Room  A-127 

National  Bureau  of  Standards 

Gaithersburg,  MD  20899 

(301)975-3466 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Lapping  and  Polishing  an  Elliptical  Bore 

A  numerically  controlled  milling  machine 
is  modified  to  make  the  head  reciprocate. 


The  manufacture  of  a  cryogenic  vane 
pump  requires  that  a  precise,  polished 
surface  be  produced  in  an  elliptical  bore. 
This  bore  comprises  the  sealing  and 
pumping  surface  of  the  pump  and  must 
be  highly  polished  to  provide  for  vane-tip 
sealing  and  for  long  vane  life. 

Because  of  the  nature  of  the  hard, 
wear-resistant  material  used  in  the  con- 
struction of  the  pump,  the  only  process 
capable  of  producing  the  required  sur- 
face finish  was  the  lapping  process.  To 
lap  a  bore  effectively  requires  the  ap- 
plication of  a  rotating  and  reciprocating 
lap  charged  with  the  proper  abrasive. 
Critical  to  the  resultant  surface  finish  is 
the  ratio  of  the  rotating  surface  speed  to 
the  reciprocating  surface  speed. 

The  only  machine  capable  of  tracing 
the  elliptical  bore  with  sufficient  ac- 
curacy is  a  computer  numerically  con- 
trolled (CNC)  milling  machine  pro- 
grammed with  the  elliptical  contour. 
While  this  machine  traces  the  contour  by 
its  x  and  y  movements,  it  is  unable  to 
move  fast  enough  in  the  z  (vertical)  direc- 
tion to  provide  the  proper  reciprocating 
speed.  Consequently,  a  machine  modifi- 
cation was  required  to  allow  the  manu- 
facture of  the  pump  parts. 

This  modification  was  accomplished 
by  removal  of  the  original  milling  head 
from  the  machine  and  by  mounting  a  ver- 
tical slide  in  its  place  (see  figure).  This 
vertical  slide  was  driven  up  and  down  by 
a  connecting  rod  bolted  off-center  to  a 
drive  pulley.  The  pulley  was  driven  by  a 
belt  from  a  variable-speed  electric  motor. 
The  milling-machine  head  was  then  at- 
tached to  the  vertical  slide.  This  mecha- 
nism allowed  the  independent  control  of 
the  reciprocating  surface  speed  through 


2  Axis 


Variable-Speed 
Motor 


Variable-Speed 
Head 


Contoured 
Bore 


A  Vertical  Slide  is  mounted  in  place  of  the  original  milling-machine  head.  The  head  is 
mounted  on  the  slide  and  driven  up  and  down  by  a  variable-speed  motor. 


variation  of  the  speed  of  the  electric 
motor. 

With  this  inexpensive  modification,  the 
CNC  milling  machine  produced  the 
movements  to  trace  the  elliptical  con- 
tour, while  the  auxiliary  slide  mechanism 
provided  the  vertical  reciprocating  mo- 
tion required  to  lap  the  bore  successfully. 
The  required  surface  finish  was  obtained 
with  the  precise  contour. 


This  work  was  done  by  John  J.  Logan, 
Jr.,  and  Scott  D.  Meyer  for  Lewis  Re- 
search Center.  No  further  documenta- 
tion is  available. 
LEW-14149/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Opportunity 


$    Marshall  Space  Flight  Center,  Alabama 


Spray  Gun  With  Constant  Mixing  Ratio 

A  lightweight  mechanism  would  maintain 
the  desired  ratio  of  two  components. 


I 


A  conceptual  mechanism  mounted  in 
the  handle  of  a  spray  gun  would  maintain 
a  constant  ratio  between  the  volumetric 
flow  rates  in  two  channels  leading  to  the 
spray  head.  The  concept  arose  from  the 
need  to  assure  equal  flows  of  the  two  in- 
gredients that  are  reacted  in  a  spray  gun 
to  produce  polyurethane  foam.  Without 
the  ratio-control  mechanism,  the  flows 
vary  as  the  viscosity  changes  with  tem- 
perature or  as  an  orifice  or  channel  be- 
comes slightly  clogged.  With  the  me- 
chanism, it  should  be  possible  to  keep  the 
flow  ratio  near  1:1  (or  another  desired 
ratio)  over  a  range  of  temperatures, 
orifice  or  channel  sizes,  or  clogging  con- 
ditions. 

The  mechanism  (see  figure)  resembles 
an  interconnected  pair  of  gear-type 
positive-displacement  oil  pumps.  Each 
pump  chamber  is  connected  to  one  of  the 
fluid  channels.  Each  chamber  contains 
two  identical  meshing  gears  that  carry 
the  fluid  around  the  channel  periphery  in 
the  spaces  between  the  gear  teeth.  The 
meshing  action  squeezes  the  fluid  out 
from  between  the  gears,  thereby  prevent- 
ing backflow. 

Each  gear  is  mounted  on  a  shaft  that 
connects  it  to  a  gear  in  the  other  pump 
chamber.  Thus,  the  two  pumps  are  con- 
strained to  operate  at  the  same  rotational 
speed.  If  the  flow  tends  to  slow  down  in 
the  first  channel,  the  greater  flow  in  the 
second  channel  causes  the  second  pump 
to  act,  in  effect,  as  a  motor  that  turns  the 
first  pump. 

Neglecting  leakage,  the  flow  in  each 
channel  is  proportional  to  the  product  of 
the  gear  rotational  speed  and  the  volume 
between  the  gear  teeth.  Since  the  rota- 
tional speeds  are  equal,  the  flow  ratio 
depends  only  on  the  volume  between  the 
gear  teeth.  Thus,  the  flow  ratio  is  set  by 
the  selection  of  the  sizes  of  gear  teeth  in 
each  pump  chamber.  For  equal  flows, 
both  chambers  would  be  equipped  with 
identical  gear  sets. 
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DETAIL  AA 


Two  Interconnected  Gear-Type  Positive-Displacement  Pump/Motors  regulate  the  flows  in 
two  channels  to  maintain  them  at  a  constant  volumetric  ratio  over  a  range  of  temperatures. 
fluid  pressures,  and  orifice  or  channel-clogging  conditions.  The  pumps  receive  power  from 
the  fluid  flow.  If  the  flow  tends  to  drop  in  one  channel,  the  pump/motor  pair  assists  b) 
transferring  some  of  the  power  from  the  other  channel. 
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This  work  was  done  by  William  G. 
Simpson  of  Marshall  Space  Flight 

Center.  No  further  documentation  is 
available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center    Refer  to 
MFS-28135./TN 


George  C.  Marshall  Space 
Right  Center 

Technology  Utilization  Officer. 

Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-0014 
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Bonded-Plate  Airfoil  Construction 

A  new  technique  offers  greater  capabilities 
for  wind-tunnel  researchers. 


A  developmental  effort  at  Langley  Re- 
search Center  to  improve  the  technology 
for  constructing  two-  and  three-dimension- 
al models  for  cryogenic  wind  tunnels  en- 
countered many  problems  having  a  com- 
mon source  in  the  plumbing  required  for 
access  to  the  surface-pressure  orifices.  It 
was  decided  that  better  integration  of  the 
plumbing  into  the  model  structure  would 
eliminate  many  of  the  problems.  The  most 
promising  scheme  involved  grooving 
channels  into  the  face  of  a  plate,  bonding 
this  plate  onto  a  second  plate  to  form 
pressure  channels,  and  then  contouring 
the  resulting  plate  sandwich  into  an  airfoil. 

The  airfoil  design  chosen  for  testing  in 
the  0.3-m  Transonic  Cryogenic  Tunnel  was 
a  symmetrical  supercritical  shape,  which 
was  consistent  with  the  flat-bond-plane 
bonding-and-channeling  technology  that 
had  been  developed  in  this  effort.  A  pro- 
posed ambitious  pressure-orifice  layout 
not  only  duplicated  normal  practice  but 
also  fully  exercised  the  new  capabilities  of- 
fered by  this  construction  method. 

The  photograph  shows  the  two  halves  of 
the  model  surfaces  to  be  bonded.  The 
channel  layout  is  for  94  orifices.  Most  of  the 
orifices  were  predrilled  at  the  proper  angle 
and  depth  to  emerge  from  the  model  sur- 
face during  contour  machining.  At  the 
ends  of  the  model  where  the  channels  are 
parallel,  alternate  channels  terminate  in 
'down  holes"  drilled  perpendicularly  to  the 
mating  surface.  The  other  half  of  the  chan- 
nels mate  with  "down  holes"  drilled  in  the 
mating  plate.  These  "down  holes"  are  in- 
tercepted by  connector  holes  drilled  from 
the  end  of  the  plate.  Tubes  are  to  be  brazed 
into  these  connector  holes  to  form  a  con- 
nection with  the  wind-tunnel  presssure- 


35* 

Plates  With  the  Pressure  Channel  Layout  will  be  brazed  and  contoured  into  an  airfoil  model. 


instrumentation  system.  This  model  was 
successfully  machined  to  contour,  valida- 
tion measurements  were  taken,  tests  were 
run,  and  data  analysis  was  begun. 

This  technique  offers  greatly  increased 
flexibility  in  orifice  and  pressure-channel 
layout  compared  to  conventional  model- 
construction  methods.  The  capabilities  de- 
monstrated by  this  construction  method 
include  the  ease  of  installation  of  trailing- 
edge  pressure  orifices  and  the  provision  of 
a  row  of  orifices  at  the  juncture  of  the  wing 
stagnation  line  and  the  wall  of  the  test  sec- 
tion. In  addition,  there  are  no  appreciable 
voids  in  the  model  to  promote  structural  ir- 
regularities during  mechanical  or  thermal 
stress.  The  bonds,  which  are  almost  as 
strong  and  tough  as  the  parent  metal,  offer 
an  enhanced  margin  of  safety  because  the 


bond  line  acts  as  a  crack  stopper,  and  a 
failure  in  one-half  of  the  model  will  not  easi- 
ly propagate  to  the  other  half. 

This  work  was  done  by  Pierce  L  Lawing 
of  Langley  Research  Center  Further  in- 
formation may  be  found  in: 
NASA  CR-3891  [N85-238O4/NSP].[A04] 
"Technology  for  Pressure-Instrument- 
ed Thin  Airfoil  Models "  and 
NASA  TM-87613  [N86-16234/NSP],[AQ3] 
"The  Construction  of  Airfoil  Pressure 
Models  by  the  Bonded  Plate  Method: 
Achievements,  Current  Research. 
Technology  Development  and  Potential 
Applications. " 

Copies  may  be  purchased   from  the 
National  Technical  Information  Service. 
Springfield.   Virginia  22161, 
LAR-13526  /77V 
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Portable  Slot-Sizing  Tool 

Field  modifications  can  be  done  with  this 
tool  made  trom  commercially  available  parts. 


*f                       '  jht  ■•'•               „, 
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This  Portable  Slot-Sizing  Tool  is  shown  being  used  to  remachine  and  size  half-hole  slots  on  a  longeron  bridge. 


A  portable  milling  tool  consisting  of  an 
air-motor-driven  cutter  held  in  an  ad- 
justable moving  slide  made  possible  the 
local  removal  of  chromium  plating  in  a 
close-tolerance,  onsite  remachining  and 
sizing  of  half-hole  slots  on  longeron  bridges 
(see  figure).  Sending  the  bridges  back  to 
the  manufacturer  for  rework  would  have 
been  considerably  more  expensive,  in  ad- 
dition to  introducing  project  delays.  An 
adaptation  of  the  portable  sizing  tool  could 


be  useful  for  the  field  modification  of  such 
large  equipment  as  trucks,  aircraft,  and 
ships,  which  are  not  easily  returnable  to 
factories. 

The  tool  is  made  from  commercially 
available  parts,  including  an  air  motor 
capable  of  variable  speeds  up  to  900  rpm, 
a  ball  end  mill,  a  revolving  handle,  two  miter 
gears,  and  a  ball  slide.  The  tool  is  clamped 
to  the  longeron-bridge  rail,  and  the  cutter  is 
lined  up  with  a  given  slot,  approximately  at 


the  midpoint  of  the  hole  length.  After  the 
cutter  is  lowered  to  the  proper  depth,  the 
motor  is  turned  on  and  the  crank  handle 
used  to  move  the  cutter  along  the  groove 
to  remove  the  chromium,  thereby  restoring 
the  slot  to  its  specified  dimensions. 

777/s  work  was  done  by  Nelson  T.  Zuver 
of  Rockwell  International  Corp.  for 
Johnson  Space  Center  MSC-21088  /TN 
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Metal-Clad  Graphite/Epoxy  Tubes 

Structural  parts  feature  low  weight, 

low  thermal  expansion,  and  high  stiffness. 


0 


♦ 


The  desired  characteristics  of  Space 
Station  struts  include  low  weight,  high  stiff- 
ness, low  coefficient  of  thermal  expansion 
(CTE),  and  dimensional  stability.  These 
sfruts  are  required  to  be  resistant  to 
damage  by  handling  and  to  be  unaffected 
by  the  atomic  oxygen  in  the  environment.  A 
unique,  non-labor-intensive  manufacturing 
process  has  been  developed  for  fabricat- 
ing aluminum-clad  graph ite/epoxy  (Gr/E) 
struts  which  meet  the  Space  Station  re- 
quirements. 

Initial  efforts  to  fabricate  the  2-in.  (5-cm) 
diameter  tubes  with  a  wall  thickness  of 
0.060  in.  (1.5  mm)  concentrated  on  pro- 
ducing damage-tolerant  struts  having  a 
high  modulus  of  elasticity  of  40  Mpsi 
(0.28  TPa).  Subsequent  studies  have 
shown  the  severity  of  the  effects  of  atomic 
oxygen  on  Gr/E  over  the  projected  life  of 
the  Space  Station  and  indicate  the  need  for 
a  protective  surface  such  as  aluminum.  A 
readily  available  aluminum  alloy  was  se- 
lected to  demonstrate  the  manufacturing 
process.  The  epoxy  resin  used  was  formu- 
lated specifically  for  resin-injection  proc- 
essing and  permits  full  vacuum  deaeration 
without  the  loss  of  low-boiling-point  diluents 
while  providing  a  low  injection  viscosity.  It 
has  a  glass-transition  temperature  of 
212  °F  (100  °C)  when  cured  at  165  °F 
(74  °C),  facilitating  isothermal  detooling 
without  cooldown  —  a  requisite  for  using 
metallic  fixtures  with  low-CTE  materials. 
Experimental  evaluations  of  the  CTE,  the 
effects  of  thermal  cycling,  and  mechanical 
properties  were  performed. 

The  fabrication  process  is  illustrated  in 
the  figure.  The  prespooled,  collimated,  dry 
graphite  fiber,  attached  to  an  end-plug 
spigot  in  the  inside  metallic  tube,  is  drawn 
into  an  outer  tube  of  larger  diameter.  Resin 
is  injected  into  the  annulus  between  the 
two  tubes  containing  the  dry  fiber.  Press- 
urized hot  water  is  pumped  through  the  in- 
ner tube  to  provide  heat  to  cure  the  resin 
and  to  support  structurally  the  inner  tube  to 
prevent  buckling  due  to  the  resin  pressure. 
Following  the  cure,  the  thicknesses  of  both 
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metallic  walls  are  reduced  to  the  desired 
size  by  chemical  processing. 

This  method  of  manufacturing  struts 
provides  a  procedure  for  using  the  Gr/E 
material  system  in  a  very  efficient  manner. 
The  technique  places  all  the  fibers  in  the 
longitudinal  direction  for  stiffness  and 
strength.  The  aluminum  surfaces  provide 
transverse  strength  and  resistance  to  the 
atomic  oxygen  in  the  environment.  Overall 
dimensional  stability  is  achieved  by  a  near- 
ly zero  CTE  with  no  hysteresis,  ana  by  post- 


fabrication  adjustability  of  the  CTE  by  the 
chemical  removal  of  metal. 

This  work  was  done  by  Harold  G.  Bush 
of  Langley  Research  Center  and 

Raymond  M.  Bluck  and  Robert  R.  Johnson 
of  Lockheed  Missiles  and  Space  Company, 
Inc. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Langley 
Research  Center  Refer  to  LAR-13562./TN 


Langley  Research  Center 

Technology  Utilization  Officer: 

John  Samos 

Mail  Stop  139A 

Hampton,  VA  23665 

(804)  865-3281 

Patent  Counsel: 

Howard  J.  Osborn 

Mail  Code  279 

Hampton,  VA  23665 

(804)  865-3725 
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Drilling  Holes  in  Graphite/Epoxy 

A  relatively  long-lived  bit 
produces  high-quality  holes. 


• 


An  effective  combination  of  cutting-tool 
design,  feed,  and  speed  have  been  deter- 
mined for  drilling  3/1 6-  and  1/4-in.  (0.48-  and 
0.64-cm)  diameter  holes  in  a  0.18-in. 
(0.46-cm)  thick  GM301 3A  (or  equivalent) 
graphite/epoxy  corrugated  spar  without 
backup  material  and  without  coolant.  De- 
veloped to  produce  holes  in  blind  areas, 
the  optimal  techniques  yielded  holes  of 
high  quality,  with  minimal  or  acceptable 
delamination  and/or  fiber  extension  on  the 
drill-exit  side. 

The  cutting  tools  that  performed  the 
best  were  drills  with  the  vector  "B"  point, 
made  of  C-2  tungsten  carbide  (see  figure 
and  table).  Automatic  air-controlled  and 
controlled-feed  portable  drill  equipment 
show  a  marked  improvement  over  hand- 
feed  equipment  —  which  always  produced 
holes  with  excessive  delamination  and/or 
fiber  extension  —  but  none  equalled  port- 
able equipment  of  the  power-feed,  lead- 
screw  type.  Portable  power-feed,  lead- 
screw  control  is  preferred  to  ensure  a 
uniform  feed  and  to  prevent  breakthrough 
surges. 

When  operated  at  2,100  r/min  with  a 
feed  of  0.005  in./r  (0.013  cm/r),  the  vector 
"B"  drill  bit  for  3/16-in.  (0.48-cm)  holes  had 
a  life  of  30  holes  per  resharpening,  for  a 
total  life  of  90  holes.  Under  the  same  condi- 
tions, the  modified  dagger  drill  had  a  life  of 
20  holes  per  resharpening,  for  a  total  life  of 
80  holes. 

Experiments  in  which  a  temperature-in- 
dicating liquid,  Tempilaq  (or  equivalent), 
was  applied  locally  on  the  exit  surface  of 
the  test  spar  showed  that,  with  a  3/16-in 
(0.48-cm)  vector  point  "B"  bit  at  a  speed 
of  5,000  r/m  and  a  feed  of  0.0005  in./r 
(0.0013  cm/r),  the  temperature  reached 
325  °F  (163°C)  and  that,  with  the  1/4-in. 
(0.64-cm)  vector  point  "B"  bit,  the  tempera- 
ture reached  350  °F  (177  °C). 

This  work  was  done  by  Ronald 
Minlionica  of  Grumman  Aerospace  Corp. 
for  Johnson  Space  Center. 
MSC-21120/TN 
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The  Cutting  Performance  of  various  drill  bits  shown  in  the  figure  were  determined  using  port- 
able power-feed  lead-screw  equipment. 


Maximum 

Drill 

Maximum 

Fiber 

Maximum 

Diameter, 

Speed, 

Feed, 

Delamination, 

Extension, 

Temperature. 

Drill  Style 

in. 

r/min 

in  i 

0/ 

o  ^ 

°F 

Vector  Point  "B" 

0.187 

5,000 

0.0005 

0 

5 

3Jr 

Vector  Point  "B" 

0.250 

5,000 

0.0005 

0 

5 

350 

Vector  Point  "A" 

0.250 

5,000 

0.0005 

0 

15 

350 

Dagger  Drill 

0.250 

5,000 

0.0005 

0 

30 

350 

Dagger  Drill 

0.190 

5,000 

0.0005 

0 

20 

350 

Vector  Point  "B" 

0.250 

1,100 

0.0005 

0 

10 

250 

Gull  Wing 

0.190 

1,330 

0.002 

60 

30 

Piloted  Core  Drill 

0.190 

1,330 

0.002 

60 

50 

Dagger  Drill 

0.190 

1,330 

0.002 

0 

5 

Of  the  Tested  Drill  Bits,  the  vector  point  "B"  exhibited  the  best  combination  of  longevity  and 
hole  quality. 
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Nonlinear  Coherence  Function  for 
Machinery  Diagnosis 

Vibration  spectra  are  analyzed  for  signs  of  trouble. 


A  nonlinear  coherence  function  assists 
in  the  analysis  of  the  vibration  spectra  of 
machinery  for  signs  of  incipient  failure.  It  is 
useful  primarily  in  determining  whether  an 
apparent  harmonic  in  a  complicated  vibra- 
tion signal  indicates  a  possible  defect  or 
whether  it  could  be  due  to  an  independent 
vibration  source  or  to  extraneous  noise. 

Spectral  peaks  at  the  fundamental  rota- 
tional frequency  and  its  harmonics  may  in- 
dicate such  malfunctions  as  misalignment, 
imbalance,  bent  shaft,  rubbing,  and  oil 
whirl.  Spectral  peaks  at  multiples  of  a 
pulse-repetition  frequency  may  indicate 
impacts  due  to  bearing-component  wear. 
In  both  cases,  the  customary  autocorrela- 
tion function  or  power-density  spectrum 
shows  the  spectral  peaks  but  does  not  re- 
veal whether  the  apparent  harmonics  are 
indeed  correlated  with  the  fundamental 
(and  therefore  likely  due  to  the  same 
defect)  or  uncorrelated  with  the  fundamen- 
tal (and  therefore  likely  due  to  an  indepen- 
dent cause  or  to  mere  noise). 

The  hypercoherence  function  H^)  ex- 
presses the  nonlinear  correlation  between 
the  vibrational  component  at  fundamental 
frequency  f1  and  the  components  at  in- 
tegral multiple  frequencies  nfr  To  obtain 
the  hypercoherence,  it  is  first  necessary  to 
measure  the  vibration  amplitude  X(t)  by 
sampling  it  at  suitably  short  intervals.  The 
time  series  for  X(t)  is  converted  to  a  Fourier 
transform  X(f).  Then  the  hypercoherence 
function  is  defined  by 

H^)  =  lEjXn^X'^r/ 

where  E{}  denotes  the  expectation  opera- 
tor and  the  superscript  *  denotes  the  com- 
plex conjugate. 
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Power  and  Hypercoherence  Spectra  were  computed  for  a  synthetic  vibration  signal  consist- 
ing of  a  square  wave,  plus  an  uncorrelated  sine  wave  at  three  times  the  square-wave  repeti- 
tion frequency,  plus  noise.  The  power  spectrum  shows  both  correlated  and  uncorrelated 
signals,  while  the  hypercoherence  spectrum  suppresses  the  uncorrelated  components 
almost  completely. 
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The  computation  is  straightforward  by  concise  summary  of  a  succession  of  high-  This  work  was  done  by  Thomas  Coffin 
fast-Fourier-transform  methods.  It  results  er  order  coherence  functions  in  only  two  and  Jen  Y.Jong  of  Marshall  Space  Flight 
in  a  line  spectrum  of  correlation  coeffi-  dimensions,  with  correlated  peaks  dis-  Center.    MFS-28171 /TN 
cients  as  a  function  of  the  harmonic  played  more  clearly  than  in  the  power-den- 
number  (see  figure).  As  such,  it  provides  a  sity  spectrum. 
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Optical  Probing  of  Acoustic  Emission  during 
Deformation  of  Microtensile  Specimens 

During  the  deformation  and  ultimate  failure  of  crystalline  materials  due 
to  imposed  loads,  the  elastic  strain  energy  stored  within  the  material  or 
structure  can  be  released  in  a  number  of  ways.  One  form  in  which  this 
energy  release  phenomena  manifests  itself  is  as  elastic  waves  which  ra- 
diate from  regions  of  rapid  strain  relaxation.  When  these  elastic  waves 
reach  the  surface  of  the  body  they  cause  displacements  that  can  be  de- 
tected by  various  types  of  sensors  and  are  termed  acoustic  emissions. 

In  recent  years,  increased  attention  is  being  given  to  the  correlation  of 
microstructural  changes  to  acoustic  emission  response.     However,   in  many 
cases  direct  metallographic  or  other  independent  evidence  was  not  pre- 
sented to  verify  microstructural  features  as  the  source  of  acoustic  emis- 
sion.      The  interaction  or  accommodation  required  between  instrumentation 
limitations  and  material  sample  size  (i.e.  dimensional  restrictions)  force 
the  experimenter  to  compromise  his  desire  to  conduct  the  most  definitive 
test  with  his  ability  to  gather  valid  data. 

Optical  interferometric  techniques  were  adapted  to  detect  and  analyze 
acoustic  emission  signals  from  304L  stainless  steel.     The  objective  was 
to  determine  the  correlation  between  fracture  surface  topography  and 
acoustic  emission  signals  emitted  by  the  material  during  plastic  deform- 
ation and  failure,  and  to  reconcile  this  information  with  existing  theories 
of  acoustic  emission  generation  in  polycrystalline  materials.     A  pneumatic 
load  system  was  developed  to  accept  an  optical  interferometer  as  the  de- 
vice for  detecting  acoustic  emission  signals.     Microtensile  specimens  were 
fabricated  which  limited  the  zone  of  deformation  to  approximately  three 
cubic  millimeters  in  volume.     Use  of  the  optical  probe  permitted  the  mon- 
itoring of  transient  surface  displacements  at  locations  within  fractures  of 
a  millimeter  of  the  deforming  volume.     Results  have  demonstrated  that 
acoustic  emission  is  a  volume  phenomena.     For  the  small  plastic  zone  size 
investigated,  the  acoustic  emission  counts  have  been  minimized  to  the  ex- 
tent that  signals  are  separated  in  time  and  waveform  analysis  can  be  con- 
ducted on  each  of  the  signals.     Test  results  show  that     models  describing 
dislocations  as  the  source  of  acoustic  emission  are  not  sufficient  to  describe 
the  observed  behavior.     The  combination  of  optical  probing  of  microtensile 
specimens  provides  a  new  unique  and     powerful  tool  for  studying  the  mech- 
anisms of  acoustic  emission. 

FOR  ADDITIONAL  INFORMATION:      A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A177576/6/NAA 

Price  code:     A05 
To  discuss  this  effort  further,  contact: 
William  Bruchey 

U.  S.  Army  Ballistic  Research  Laboratory 
ATTN:    SLCBR-TB 
Aberdeen  Proving  Ground,  MD     21005-5066 
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Hydrogen  Degradation  of  Pipeline  Steels 


Battelle  Columbus  Laboratories  for  Brookhaven  National  Laboratories 
have  developed  a  research  data  base  applicable  to  the  problem  of 
hydrogen  degradation  in  pipeline  steels.     The  findings  provide  pipeline 
designers  and  operators  with  insight  for  developing  specifications  and 
procedures  in  the  event  available  natural  gas  transmission/distribution 
systems  are  used  for  hydrogen  transport.     Fundamental  investigations 
and  data  derived  from  sophisticated  analytical  and  test  procedures 
were  equated  to  practical  field  conditions  and  experiences  as  may  be 
encountered  should  the  hydrogen  energy  storage/transport  option  become 
an  economic  reality. 

The  results  of  this  study  serve  to:     quantify  hydrogen  degradation  of 
pipeline  steels  under  field  use  conditions;  elucidate  embrittlement 
inhibition  mechanism;  identify  specific  additives  to  hyrdogen  which 
inhibit  degradation;  identify  a  type  of  steel  microstructure  which  may 
be  virtually  immune  to  hydrogen  embrittlement  in  fatigue. 

Although  the  work  has  emphasized  pipeline  materials  interactions  with 
relatively  pure  hydrogen  and  additives,  findings  apply  as  well  to  hydro- 
gen transport  via  the  natural  gas  supplementation  mode  where  normally 
occurring  impurities  might  serve  as  embrittlement  inhibitors. 

The  study  also  has  implications  which  extend  beyond  the  characteriza- 
tion of  hydrogen  interactions  and  compatibility  with  pipeline  steels.     In 
particular,  the  results  permit  consideration  of  energy  delivery  alterna- 
tives which  may  promote  new  markets  by  making  effective  use  of  avail- 
able resources. 

The  approach  used  was  to  investigate  the  mechanisms  involved  in  hydro- 
gen-embrittlement  inhibition  by  additive  gases  was  based  on  the  premise 
that  potent  inhibitors  interfere  with  the  adsorption  and  disassociation  of 
hydrogen  molecules  on  a  steel  surface.     Accordingly,  surface-science 
analytical  techniques  were  used  to  characterize  the  surface  reactions  of 
various  additive  gases  with  iron  and  steel  surfaces.     The  primary  tech- 
niques used  were  XPS  (X-ray  photoelectron  spectroscopy),  which  was  per- 
formed at  Battelle,  and  TDS  (thermal  desorption  spectroscopy). 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     DE87-005585/NAC 

Price  code:     A08 
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Effects  of  Stresses  on  the  Phase  Transformation  of 
NITINOL 

NITINOL  alloys  are  based  on  compositions  close  to  equiatomic  NiTi. 
They  are  noted  principally  for  their  unusual  shape  memory  capability. 
Their  commercial  applications  are  based  on  the  combination  of  shape 
memory  capability  and  good  engineering  properties.     A  few  applica- 
tions are  based  on  their  low  modulus  of  elasticity. 

The  shape  memory  response  is  the  subsequent  return  to  (or  toward)  a 
prior  shape  or  dimension,  following  any  deformation  from  that  shape 
or  dimension.     The  response  is  accomplished  by  heating  the  deformed 
piece,  usually  to  a  temperature  between  -30C  and  +100C.     The  prior 
or  "permanent"  shape  is  the  one  that  had  been  "set  in"  by  an  earlier 
annealing  treatment.     The  shape  memory  phenomenon  is  repeatable  if 
deformation  is  always  performed  at  a  temperature  lower  than  the  re- 
covery temperature. 

The  temperature  for  the  shape  memory  response  can  be  lowered,  within 
limits,  by  increasing  the  nickel  content  of  the  binary  alloy.     The  shape 
memory  response  occurs  at  the  same  temperature  range  as  does  a  phase 
change  from  martensite  to  austenite.     It  is  now  widely  accepted  that 
this  phase  transformation  is  the  basis  for  the  shape  memory  response  of 
NiTi  based  alloys.     Buehler  et  al  presented  the  first  paper  in  the  open 
literature  which  described  shape  recovery  response  in  a  near-stoichiomet- 
ric  [55.4  weight  percent  (w/o)  Ni]  alloy. 

A  series  of  discrete  annealing  treatments  were  used  to  reduce  the  stresses 
residual  from  prior  cold  work.     The  alloy  then  displayed  the  effect  of 
these  diminishing  stresses  on  the  linear  contraction,  electrical  resistance, 
and  calorimetry  phenomena  associated  with  the  phase  transformation. 
The  significant  influence  of  residual  stresses  on  the  transformation  ap- 
pears to  have  been  overlooked  by  previous  investigators.     This  may  have 
caused  much  of  the  variance  that  appears  in  the  literature  on  the  trans- 
formation in  NITINOL  alloys. 

A  cohesive  theory  was  developed  in  which  residual  stresses  enable  the 
formation  and  retention  of  an  intermediate  rhombohedral  structure,  "R," 
during  the  transition  of  austenite  into  martensite.     The  generation  of 
R  structure  produces  the  "anomalous"  resistance  peak  during  the  cooling 
of  NITINOL  alloys. 

The  residual  stresses  are  a  major  factor  in  the  shape  memory  response 
that  this  alloy  is  noted  for,  providing  the  forces  that  determine  the  di- 
rection of  shape  recovery,  affect  its  completeness,  and  affect  its  tem- 
perature range. 

Precipitation  of  the  non-stoichiometric  nickel  in  solution  may  occur  during 
annealing.     The  early  stages  of  precipitation  generate  stresses  and  have 
significant  effects  on  the  start  and  completion  temperatures  of  the   trans- 
formation.    The  change  in  matrix  composition  resulting  from   the  precip- 
itation has  an  effect  independent  of  any  associated  stresses,   and  results 
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in  transformations  at  higher  temperature. 

Strain  recovery  of  2.75%   in  the  cold  worked  alloy  at  400°C  was  obtained. 
This  is  in  contrast  to  the  6%  recovery  at   100°C  obtained  in  an  annealed 
alloy. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTTS,  Springfield,  VA     22161/  (703)  487-4600. 

NTIS  order  number:     AD-A177053/6/NAC 

Price  code:     A04 
To  discuss  this  effort  further,  contact 
David  Goldstein  or  Lawrence  Kabacoff 
Naval  Surface  Weapons  Center 
Code  R32 

10901  New  Hampshire  Avenue 
Silver  Spring,  MD  20903-5000 
(202)  394-2468 
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Grain  Refinement  of  Welds  in  Ti-6A1-4V 

Research  conducted  at  the  David  W.  Taylor  Naval  Ship  Research  and 
Development  Center  determined  whether  forced  convective  cooling 
could  be  applied  during  high  heat  input  welding  processes  to  achieve 
grain  refinement  of  the  weld  metal.     A  convective  cooling  device  was 
designed  for  use.     Heat  transfer  studies  indicated  that  efficient  cool- 
ing could  be  achieved  using  a  5  x  7  array  of  0.060-inch  diameter  holes 
with  an  0.25-inch,  center-to-center,  hole  spacing.     A  baffle  and  screen 
system  was  used  to  facilitate  even  gas  distribution. 

Bead-on-plate  welds  were  made  in   l -inch-thick  Ti-6Al-4V  plate  using 
the  GTAW  process  with  a  heat  input  of   115  kj/in.     When  the  convective 
cooling  device  was  used,   it  was  found  that  the  weld  pool  was  both  nar- 
rower and  deeper.     In  addition,   the  maximum  temperature  reached  in  the 
weld  pool  was  lower.     Cooling  rates  were  significantly  increased  by  gas 
inpingement  and  there  was  no  evidence  of  problems  in  maintaining  a  good 
weld  bead  contour.     Welds  made  without   convective  cooling  showed  a 
large  columnar  grain  structure;  significant  refinement  of  the  weld  metal 
structure  was  evident  when  convection  cooling  was  cooled.     Interestingly, 
grain  refinement  did  not  result  from  increased  nucleation  of  equiaxed 
grains,  rather  it  resulted  from  an  increase  in  the  number  of  columnar 
grains,  an  effect  attributed  largely  to  the  change  in  weld  pool  shape. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A163970/7/NAC 

Price  code:     A03 
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Solidification  Effects  in 
MAR-M246(Hf)  Alloy 

Fatigue  properties  are 
degraded  with  crystallo- 
graphy orientations  greater 
than  10°  from  the  [001]  axis. 


The  influence  of  solidification  and  heat- 
treatment  parameters  on  the  structure 
and  the  fatigue  properties  of  the  nickel- 
based  superalloy  MAR-M246(Hf)  is  de- 
scribed in  a  24-page  report.  Superalloys 
have  high  strength  and  corrosion  resist- 
ance at  temperatures  up  to  1 ,400  °C;  their 
uses  range  from  petrochemical  equip- 
ment to  marine,  industrial,  aircraft,  and 
vehicular  gas  turbines.  The  12  constitu- 
ents of  MAR-M246(Hf)  —  Ni,  Cr,  Co,  Mo, 
W,  Ta,  Al,  Ti,  C,  B,  Zr,  and  Hf  —  combine 
to  form  3  phases:  the  matrix  (y),  the  y '  and 
the  carbides.  Solidification  and  heat  treat- 
ment affect  the  distribution  of  these 
phases,  which  in  turn  affects  the  me- 
chanical properties  of  the  alloy. 

Examinations  of  directionally-solidified 
alloy  samples  showed  that  the  carbide 
shapes  and  the  degree  of  carbide  segre- 
gation depend  on  the  growth  rate.  Photo- 
graphs and  graphs  of  the  data  show  both 
decreasing  dendritic-arm  spacings  and 
smaller  amounts  of  carbides  with  increas- 
ing growth  rates.  The  data  appear  to  show 
that  the  poorer  fatigue  properties  of 
off-[001]-axis  crystals  are  not  caused  by 


an  increase  in  harmful  carbides.  The 
growth  rate  controls  the  carbide  shapes: 
fast  growth  produces  scriptlike  carbides, 
which  form  networks  for  crack  propaga- 
tion; slow  rates  produce  blocky  carbides. 

Microstructure  studies  showed  that 
the  y'  phase  goes  into  solution  between 
1,175  and  1,200°C.  Therefore,  the  heat- 
treatment  temperature  could  be  reduced 
from  the  1 ,221  °C  now  used.  Such  a  de- 
crease would  help  to  prevent  the  ap- 
parent melting  of  the  eutectic  in  some  of 
the  interdendritic  areas. 

Heat-treatment  studies  showed  that 
the  amount  of  the  y'  phase  reaches  its 
maximum  after  the  alloy  has  remained  for 
24  to  100  hours  at  871  °C.  Longer  ex- 
posures at  this  temperature  tend  to  de- 
grade the  structure,  but  the  sizes  of  the 
particles  remain  stable.  At  970 °C,  the, 
amount  of  the  y'  phase  reaches  a  steady 
value,  but  the  sizes  of  the  particles  are  not 
stable.  Temperatures  above  871  °C  are 
expected  to  result  in  the  deterioration  of 
fatigue  properties. 

Crystallographic  orientations  of  fatigue 
test  specimens  in  both  the  failed  and  un- 


failed  regions  were  determined  from  x-ray 
Laue  photographs.  During  testing,  rota- 
tion occured  in  the  samples  if  they  were 
oriented  at  significant  angles  with  respect 
to  the  [001]  axis.  The  farther  the  sample 
has  to  rotate  before  reaching  multiple-slip 
conditions,  the  greater  the  probability  for 
early  failure. 

This  work  was  done  by  M.  H.  Johnston 
and  R.  A.  Parr  of  Marshall  Space  Flight 
Center.  Further  information  may  be 
found  in  NASA  TM-82569  [N84-20675/ 
NSP],  "A  Study  of  the  solidification 
Parameters  Influencing  Structure  and 
Properties  in  MAR-M246(Hf). " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,[AQ3] 
MFS-27066/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Fire-  and  Heat-Resistant  Laminating  Resins 

Imide  compounds  containing  phosphorus  are  thermally  polymerized. 


A  class  of  fire-  and  heat-resistant  bis- 
imide  resins  are  prepared  by  the  thermal 
polymerization  of  maleimido-  or  citraconi- 
mido-substituted  1  j(dialkylphos- 
phonyl)methyl]-2,4-  and  -2,6-diaminoben- 
zenes.  These  polymers  are  expected  to 
be  less  brittle  and  easier  to  process  than 
other  aromatic  polyimides. 

Aromatic  polyimides  have  been  devel- 
oped for  use  as  laminating  resins  or  adhe- 
sives  that  must  be  thermally  stable  at  or 
above  325  °C.  However,  these  com- 
pounds are  subject  to  ^reproducibility 
and  deterioration  of  mechanical  proper- 
ties, both  of  which  are  attributed  to  the 
voids  created  by  the  elimination  of  water 
or  to  the  difficulties  in  the  removal  of  the 
high-boiling-point  solvent  during  polymeri- 
zation. More  recently  developed  flame- 
resistant  polyimide  resins  are  prepared 
from  prepolymers  containing  phosphorus 
and  end-capped  with  reactive  maleimido 
rings.  However,  these  polymers  are  typi- 
cally brittle. 

The  new  maleimido-  or  citraconimido- 
end-capped  monomers,  which  have  rela- 
tively low  melting  temperatures,  polymerize 
at  moderate  temperatures  to  rigid  bisimide 
resins  without  the  elimination  of  volatiles. 
The  monomers  dissolve  in  such  solvents 
as  methyl  ethyl  ketone,  acetone,  and  te- 
trahydrofuran,  which  are  suitable  and 


preferred  as  "varnish  solvents"  for  com- 
posite fabrication.  Furthermore,  the  low 
melting  points  of  these  compounds  allow 
them  to  be  used  as  adhesives  without  the 
addition  of  solvents. 

The  starting  material  is  a  mixture  of 
1  -[(dialkoxyphosphonyl)methyl]-2,4-  and 
-2,6-diaminobenzenes.  The  2,4  isomer 
predominates,  and  there  is  no  need  to 
separate  the  isomers.  This  material  is  ni- 
trated in  fuming  nitric  and  sulfuric  acids 
to  a  dinitro  derivative,  then  catalytically 
hydrogenated  to  a  diamino  mixture. 

Thermally  polymerizable  N-maleimido 
or  N-citraconimido  derivatives  of  the  diam- 
ines can  be  synthesized  by  any  of  several 
different  reaction  sequences.  For  example, 
the  amines  can  be  condensed  with  ma- 
leic  anhydride  to  produce  intermediate 
bismaleic  acids,  which  are  then  cyclode- 
hydrated  to  the  final  monomeric  form. 
Polymer  precursors  can  also  be  synthe- 
sized by  a  similar  sequence  involving 
condensation  with  citraconic  dianhy- 
dride.  A  representative  prepolymer  mo- 
lecular structure  is  shown  in  the  figure. 

To  reduce  the  brittleness  of  the  result- 
ing bisimide  resins,  the  formula  weight 
and  the  length  of  the  bridge  between  the 
two  maleimido  groups  are  increased  by 
incorporating  benzophenone  tetracar- 
boxylic  dianhydride  or  methylenebis 


0      CH2P(0)(OR1)2 
NOTES:  R,  =  CH2CH3  or  CH2CH2CI 


A  Polymer  Precursor  is  thermally  poly- 
merized to  produce  a  fire-  and  heat-resis- 
tant laminating  resin. 

(4-phenyl  isocyanate).  The  chain  exten- 
sion of  monomers  is  expected  to  reduce 
the  brittleness  of  the  bisimide  resins, 
because  larger  polymer  segments  should 
be  available  for  internal  motions  after 
cross-linking. 

This  work  was  done  by  Demetrius  A. 
Kourtides  of  Ames  Research  Center 
and  John  A.  Mikroyannidis  of  the  National 
Research  Council. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel. 
Ames  Research  Center  Refer  to 
ARC-11533/TN 
Ames  Research  Center 
Technology  Utilization  Officer: 
Lau ranee  A.  Milov 
Mail  Code  204-10 
Moffett  Field.  CA  94035 
(415)694-5761 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-1 1 
Moffeft  Field,  CA  94035 
(415)694-5104 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757.  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Reusable  High-Temperature/Cryogenic  Foam-Insulation  System 

Flightweight  insulation  withstands  wide  temperature  cycling. 


A  reusable  insulation  system  for  cry- 
ogenic containment  vessels  can  with- 
stand repeated  exposures  to  thermal  envi- 
ronments that  span  the  range  from  the 
cryogenic-fluid  temperature  [-425°F 
( -  254  °C)]  to  the  maximum  use  tempera- 
ture of  the  containment-tank  material 
[  +  400°F  (  +  204°C)].  This  system  was 
designed  for  use  with  high-speed  flight 
vehicles. 

Current  insulation  systems  for  flight- 
weight  cryogenic-containment  vessels 
make  use  of  spray-on  foam  insulation. 
These  systems  cannot  withstand  the 
temperatures  generated  by  aerodynamic 
heating  encountered  during  high-speed 
flight  and  require  separate  thermal- 
protection  systems  (TPS)  to  maintain  the 
cryogenic  insulation  below  its  maximum 
use  temperature  of  175  °F  (80  °C).  These 
systems  are  not  considered  reusable  for 
high-speed  flight  vehicles. 

In  the  new  design,  a  cryogenic-contain- 
ment tank  structure  is  covered  with  a 
cryogenic  insulation  system  that  is  ad- 
hesively bonded  to  the  tank  structure.  The 
insulation  consists  of  40-in.  (102-cm) 
square  sheets  fabricated  from  an  array  of 
abutting  1 0-in.  (25.4-cm)  square  blocks  that 
are  basically  identical  to  each  other.  The 
thickness  of  the  blocks  can  be  varied  to 
provide  the  required  insulation  function. 
The  wall  construction  is  completed  when 
an  exterior  TPS  is  added  to  provide  the 
cryogenic-foam  blocks  protection  from  ex- 
cessive heating.  Because  of  its  higher  ser- 
vice temperature,  the  new  insulation  sys- 
tem requires  less  thickness  and  weight  for 
the  external  TPS  than  are  required  for  prior 
systems. 

The  structure  of  the  reusable  insulation 
system  consists  of  discrete  blocks  of 
polymethacrylimide  foam,  as  shown  in  the 
figure.  Two  heat-treated  foam  blocks  are 
bonded  together  using  a  sheet  of  epoxy- 
film  adhesive  on  each  side  of  a  fiberglass 
sheet  at  the  bond  line  and  a  single  sheet  of 
the  adhesive  and  fiberglass  on  the  outer 
faces  of  the  blocks.  The  fiberglass  sheet 
provides  a  vapor  barrier  and  structurally 
reinforces  the  system  to  inhibit  cracking. 

The  outer  corners  of  each  block  are 


Thermal  Protection  System 
(Packaged  Fibrous  Insulation)' 


Hot  Airframe 
Structure 


DETAIL  OF  WALL 


400°F 
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Polymethacrylimide 
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Polymer/Aluminum/Polymer 
Covering 


Aluminum 
Corner  Caps 


Fiberglass-Sheet/ 
Epoxy  Film  Adhesive 


Urethane 

Cryogenic 

Adhesive 


BLOCK  DETAIL 


The  Foam-Block  insulation  can  be  used  repeatedly  through  temperature  cycles  of  wide  range. 


machined  to  receive  preformed  metal  cor- 
ner seals,  and  the  additional  thickness  of 
the  polymer/aluminum/polymer  (PAP)  cor- 
ner overwraps.  An  epoxy  adhesive  is  used 
to  bond  the  corner  caps  in  place.  The 
assembly  is  covered  with  precut  layers  of 
the  film  adhesive  and  a  precut,  preformed 
PAP  cover  that  provides  a  durable  cover- 
ing impervious  to  gases. 

The  assembly  is  vacuum  bagged  and 
bonded  together  in  an  autoclave.  The 
cured  foam-insulation  system  is  then  bond- 
ed to  the  tank  structure  with  a  durable 
urethane  cryogenic  adhesive.  The  cryo- 
genic insulation  can  be  bonded  to  the  in- 
terior or  exterior  tank  wall.  The  repeat- 
ed use  of  this  insulation  structure,  from 
temperatures  up  to  400  °F  (204  °C)  on  the 
hot  side  to  temperatures  of  -425°F 
( -  254  °C)on  the  cryogenic  side,  has  been 


demonstrated  without  any  degradation  of 
the  insulation. 

This  work  was  done  by  Randall  C.  Davis, 
Allan  H.  Taylor,  and  L  Robert  Jackson  of 
Langley  Research  Center  and  Patrick 
McAuliffe  of  Lockheed  Aircraft  Co. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Langley 
Research  Center  Refer  to  LAR-13506/TN 

Langley  Research  Center 

Technology  Utilization  Officer: 

John  Samos 

Mail  Stop  139A 

Hampton,  VA  23665 

(804)  865-3281 

Patent  Counsel: 

Howard  J.  Osborn 

Mail  Code  279 

Hampton,  VA  23665 

(804)  865-3725 


< 
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Corrosion  of  SiC  by  Molten  Salt 

The  surface  becomes  pitted,  and  strength  decreases. 


Advanced  ceramic  materials  are  being 
considered  for  a  wide  range  of  applications 
as  in  gas  turbine  engines  and  heat  ex- 
changers. In  such  applications,  these 
materials  may  be  in  corrosive  environ- 
ments that  include  molten  salts.  It  Is  well 
known  that  such  salts  can  be  very  corro- 
sive to  alloys.  In  order  to  determine  the  ex- 
tent of  this  problem  for  ceramic  materials, 
the  corrosion  of  SiC  by  molten  salts  has 
been  studied  in  both  jet  fuel  burners  and 
laboratory  furnaces. 

In  the  burner  studies,  the  specimens 
were  held  in  a  flame  at  1 ,825  °F  (996  °C)  for 
about  12  hours.  Specimens  showed  no 
evidence  of  attack  when  exposed  to  plain 
flames.  However,  when  only  4  parts  per 
million  of  sodium  was  injected  (as  NaCI)  in- 
to the  flame,  severe  corrosion  occurred 
Previous  studies  have  shown  that  the 
sodium  reacts  with  the  sulfur  impurities  in 
the  fuel  to  form  sodium  sulfate,  which  can 
then  dissolve  the  protective  oxide  layer,  ex 
posing  the  base  material  to  extensive  at- 
tack. 

The  SiC  specimens  corroded  in  the 
burner  had  thick  glass  surface  layers  of 
sodium  silicate  and  silica.  More  important- 
ly, the  corrosion  of  the  SiC  substrate  in- 
volved a  deep  pitting  attack,  as  illustrated 
by  the  photomicrograph  in  Figure  1 .  These 
surface  pits,  which  appear  to  act  as  stress 
concentrators,  lead  to  strength  decreases 
of  as  much  as  40  percent  in  the  corroded 
materials  —  as  shown  in  Figure  2. 

In  order  to  study  the  corrosion  para- 
meters more  closely,  laboratory  furnace 
experiments  were  also  performed  in  which 
SiC  specimens  were  airbrushed  with  so- 
dium sulfate  and  placed  in  a  tube  furnace 
with  flowing  oxygen  at  1,825  °F  (996  °C). 
Such  an  exposure  duplicated  the  attack 
obtained  in  the  burner  and  gave  a  simi- 
lar strength  reduction  as  also  shown  in 
Figure  2. 

This  work  deals  primarily  with  corrosion 
caused  by  molten  salt  in  heat  engines; 
however,  the  general  conclusions  may  be 
applicable  to  other  salt-containing  sys- 
tems. Thus,  although  ceramic  materials 


Figure  1.  The  Surface  of  Silicon  Carbide  was  corroded  by  exposure  to  a  flame  seeded  with  4 
parts  per  million  of  sodium. 
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Figure  2.  The  Strength  of  Silicon  Carbide  was  decreased  by  corrosion  in  flame  and  tube- 
furnace  tests. 
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hold  a  great  deal  of  promise  for  future  high- 
temperature  applications,  the  design 
engineer  must  be  aware  that  a  problem 
may  arise  when  these  materials  are  used 
in  environments  where  they  may  encounter 
molten  salts. 

This  work  was  done  by  Nathan  S. 
Jacobson  and  James  L.  Smialek  of  Lewis 


Research  Center.  Further  information 

may  be  found  in; 

NASA  TM-87061  [N85-30011/NSP],  [AW] 

"Burner  Rig  Corrosion  of  SiC  at 

1,000°C"and 
NASA  TM-87052[N85-30135/NSP],[AQ3] 

"Mechanism  of  Strength  Degradation 

for  Hot  Corrosion  of  a-SiC " 


Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161, 
LEW-14381/TN 
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Resistance  Curve  Approach  to  Predicting  Residual 
Strength  of  Composites 

One  of  the  major  concerns  in  the  structural  application  of  composite 
materials  is  that  these  materials  are  susceptible  to  impact   damage 
and  growth  of  delaminations  under  service  environments.     The 
material  resistance  to  impact  damage  and  delamination  growth  is 
a  resin  property  influenced  only  by  the  service  environment  and 
the  fiber/resin  interface  in  the  composite. 

In  recent  years,  significant  advances  have  been  made  in  character- 
izing delamination  growth  in  composites  using  fracture  mechanics. 
One  of  the  most  promising  techniques  is  based  on  the  strain  energy 
release  rate  or  driving  force  at  the  delamination  front.     The  critical 
strain  energy  release  rate,  Gc,  of  a  resin  is  used  as  a  measure  of 
the  resistance  to  impact  damage  and  delamination  growth. 

The  critical  strain  energy  release  rate  concept,  while  simple  to  apply, 
may  be  conservative  in  predicting  delamination  growth  in  composites. 
The  Mode  I  strain  energy  release  rate,  for  example,  will  represent 
a  valid  fracture  criterion  if  the  resin  thickness  at  the  lamina  inter- 
face is  large  and  plane  strain  conditions  prevail.     This  is  not  the 
case  in  practical  laminates,  and  indeed  experimental  data  showed 
delamination  growth  under  Mode  I  fatigue  loading  at  strain  energy 
release  rate  in  excess  of  GIC,  and  GIC  alone  cannot  define  a  Mode  I 
failure  criterion  in  composite  laminates. 

Research  was  conducted  which  developed  an  analysis  method  to  predict 
the  static  strength  of  a  composite  laminate  with  a  delamination,  using 
the  resistance  curve  approach.     Experimental  data  available  in  the 
literature  were  analyzed  to  establish  Mode  I  and  Mode  II  resistance 
curves  and  the  mixed  mode  interaction  criterion.     A  procedure  to 
determine  the  Mode  II  resistance  curve  from  mixed  mode  test  data 
was  discussed. 

The  experimental  program  was  conducted  to  determine  if  composites 
exhibit  resistance  curve  in  Mode  II.     Two  material  systems  were  tested 
in  the  program.     One  of  those  systems  was  AS4/3501-6,  which  is 
representative  of  currently  used  graphite/epoxy  materials.     The  second 
system  was  IM6/5245C,  which  consists  of  an  enhanced  toughness  matrix 
and  high  modulus,  high  strain  to  failure  fibers.     In  addition,   static  com- 
pression tests  were  conducted  on  coupon  specimens  with  through-the- 
width  embedded  delaminations  to  verify  the  analytical  predictions. 

An  analysis  method  was  developed  for  residual  strength  prediction.     The 
analysis  is  based  on  strain  energy  release  rate  approach.     Strain  energy 
release  rate  was  computed  at  the  delamination  front  at  applied  compre- 
hensive stress  level  above  the  initial  buckling  stress  of  the  delamination. 
The  residual  strength  was  predicted  using  a  multiple  failure  mode 
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criterion.     The  failure  modes  considered  were  buckling,  compression 
failure,  and  delamination  growth.     The  resistance  curve  was  incorporated 
in  the  delamination  growth  prediction.     Results  of  the  analysis  showed 
that  the  R-curve  significantly  influenced  the  sequence  of  failure  and 
the  delamination  growth,  particularly  for  near  surface  delaminations. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A176984/3/NAC 

Price  code:     A06 
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Test  Methods  for  the  Electrostatic  Properties  of 
Nonhomogeneous  Fabrics 

The  hazard  presented  by  an  electrostatic  discharge  in  an  explosive  envi- 
ronment has  been  well  known  for  many  years.     The  prevalence  of  highly 
(electrically)  insulative  synthetics  in  garments  and  other  commonly  used 
items  has  increased  the  incidence  of  such  discharges  to  unprecedented 
proportions.     The  problem  has  expanded  from  explosive  hazards  into  the 
world  of  microelectronics  where  sensitive  devices  can  experience  cata- 
strophic damage  from  discharges  so  small  in  amplitude  as  to  be  undetect- 
able by  normal  human  senses.     Moreover,  a  static  charge  residing  on  the 
surface  of  a  highly  insulative  material  can  induce  a  charge  on  nearby 
conductive  items. 

The  problems  are  of  such  magnitude  that  they  have  resulted  in  the  es- 
tablishment of  an  entirely  new  industry,  that  of  designing  and  supplying 
materials  and  equipment  for  the  specific  purpose  of  controlling  the  gen- 
eration of  static  charges,  or  of  minimizing  their  harmful  effects.     The 
proliferation  of  special  materials  in  a  myriad  of  forms  has  far  outstripped 
the  generation  of  test  methods  suitable  for  determining  their  ability  to 
perform  as  intended.     As  a  result,   the  manufacturers  and/or  purveyors 
of  these  items  rely  to  a  great  extent  on  a  very  few  already  existing 
test  methods  as  references  to  describe  the  electrical  characteristics  in 
question.     In  many  instances,  the  test  methods  referenced  were  never 
designed  to  test  that  particular  material  (or  form)  and  it  remains  a  mys- 
tery how  the  published  data  was  obtained. 

One  such  family  of  specialized  materials  is  a  new  type  of  textile  which 
incorporates  conductive  carbon  or  metal  filaments  in  various  patterns  and 
percentages.     These  textiles  are  intended  for  use  in  the  manufacture  of 
garments  to  be  worn  in  explosive  environments  such  as  hospital  operating 
rooms  and  munitions  handling  situations,  and  in  areas  where  microelec- 
tronic devices  are  being  fabricated.     These  unique  fabrics  are  intended  to 
furnish  two  forms  of  electrostatic  protection: 

(a)  The  conductive  filaments  provide  an  extremely  low  resistance  path 
from  all  areas  of  the  garment  to  a  ground  connection  in  order  to  bleed 
off  a  charge  more  rapidly  than  it  can  accumulate,  and 

(b)  These  same  filaments  (when  grounded)  provide  a  shielding  effect  which 
suppresses  any  voltage  fields  emanating  from  charges  that  may  be  present 
on  garments  worn  beneath. 

This  shielding  effect,  although  extremely  desirable,  has  the  distinct  dis- 
advantage of  confusing  the  results  of  any  tests  performed  in  accordance 
with  existing  standardized  test  methods.     It  is  necessary,  therefore,   to 
either  devise  new  test  methods  for  these  fabrics,  or  to  modify  existing 
test  methods  to  the  extent  that  they  are  usable  for  the  electrical  char- 
acterization of  the  materials  in  question.     Thus,  appropriate  accept/re- 
ject criteria  can  be  established. 
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Phase  I  of  this  project  was  initiated  on   1    July   1985  under  Contract  Num- 
ber DAAK60-85-C-0074.     Research  was  conducted  to  establish  the  feas- 
ibility of  testing  for  the  charge  decay  rates,  electrostatic  field-suppres- 
sion capabilities,  and  triboelectric  charge  generating  properties  of  a  va- 
riety of  textiles.     These  textiles  are  under  consideration  for  the  manu-  \ 
facture  of  military  uniforms  intended  for  use  in  explosive  environments. 
The  fabrics  are  unique  in  that  they  are  a  blend  of  the  synthetics  known 
as  NOMEX  and  KEVLAR  with  small  percentages  of  stainless  steel,  silver, 
or  carbon  intended  to  increase  electrical  conductivity.     Incidental  to  the 
above  feasibility  study  was  the  need  to  modify  available  commercial  test 
equipment  in  order  that  data  the  equipment  was  not  designed  to  provide 
could  be  obtained.     Further,  it  was  necessary  to  design  a  completely  new 
triboelectric  test  fixture  capable  of  establishing  the  peak  value  of  elec- 
trostatic charge  which  could  be  generated  on  a  specimen  when  rubbed  by 
the  same  or  by  another  selected  material.     The  most  important  criteria 
for  this  design  were  (1)  repeatability  of  test  results  established  by  elec- 
trical automation  in  order  to  avoid  the  insertion  of  unpredictable  human 
errors  into  the  collected  test  data,  and  (2)  the  accurate  documentation 
of  critical  physical  dimensions  to  assure  identical  charge  force-fields  in 
duplicate  test  fixtures. 

With  the  exception  of  complete  and  thorough  documentation  of  the  tribo- 
electric test  fixture,  all  objectives  of  the  Phase  I  proposal  for  this  project 
have  been  met  as  follows: 

The  triboelectric  tester  has  been  designed,  fabricated  and  proven  to  perform 
as  expected.     This  apparatus,  in  conjunction  with  a  properly  modified  406C 
Static  Decay  Meter,  is  capable  of  characterizing  the  electrostatic  charge- 
generating  property  of  a  fabric  or  other  material  when  such  is  rubbed  by  a 
sample  of  itself  or  some  other  selected  material.     Peak  voltages  generated  ( 

are  recorded  on  chart  paper,  and  the  recordings  are  then  available  for 
detailed  analysis  and  inclusion  in  reports  and  other  documentation. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A177026/2/NAC 

Price  code:     A03 
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Groove  Adhesion  Test  for  Electrodeposited  Chromium 

Electrodeposited  coatings  are  commonly  used  to  improve  the  decorative 
appeal  of  metal  surfaces  and  to  protect  them  against  corrosion  and  wear. 
In  all  such  applications,  adhesion  is  a  parameter  of  primary  consideration 
because  it  determines  whether  or  not  a  coating  will  become  detached  dur- 
ing service.     The  need  to  evaluate  coating  adhesion  is  apparent;  however, 
the  difficulty  is  that  very  often,  individual  adhesion  tests  must  be  devel- 
oped to  meet  a  specific  need. 

In  general,  the  selection  of  a  suitable  adhesion  test  method  depends  to  a 
large  extent  on  whether  thin  films  or  thick  coatings  are  to  be  tested  and 
whether  the  coatings  are  hard  and  brittle  or  soft  and  ductile.     For  hard, 
thin  films,   the  scratch  test  has  been  found  to  be  capable  of  providing  a 
quantitative  measure  of  adhesive  strength. 

Generally,  thick,  brittle  deposits  are  not  amenable  to  the  scratch  test 
unless  a  chisel  or  other  sharp  instrument  is  used  in  conjunction  to  expose 
the  coating/substrate  interface.     The  groove  test  was  developed  using 
features  associated  with  the  hybrid  scratch  test.     In  this  case,   coating 
failure  is  produced  by  the  grooving  action  of  a  shaper  cutting  tool.     As 
a  qualitative  tool,  optical  microscopy  is  used  to  examine  the  exposed 
interfacial  area  of  a  failed  region;  however,  quantified  adhesion  strength 
can  also  be  obtained  when  analytical  instrumentation  is  applied  to  deter- 
mine the  degree  of  exposed  interfacial  area. 

A  quantitative  test  has  been  devised  to  evaluate  the  adhesion  of  electro- 
deposited chromium  on  steel  substrates.     The  test  involves  the  cutting  of 
parallel  grooves  across  a  plated  surface  using  a  small  metal  shaper  equip- 
ped with  a  carbide  tool.     The  grooves  are  cut  at  a  depth  just  below  the 
interface  and  shearing  stresses  are  generated  which  can  produce  failure 
of  the  coating.     In  general,  varying  amounts  of  residual  chromium  are 
left  on  the  surface  of  the  bands  depending  on  the  relative  cohesive  and 
adhesive  bond  strengths  of  the  electrodeposited  chromium.     Energy  dis- 
persive x-ray  analysis  is  used  to  map  the  distribution  of  residual  chromium 
and  obtain  an  intensity  count.     The  ratio  of  intensity  count  normalized 
against  a  reference  of   100  percent  chromium  coverage  provides  a  quan- 
titative measurement  of  adhesion.     The  groove  adhesion  test  was  found  to 
be  equally  applicable  for  the  evaluation  of  both  hard  chromium  and  soft 
chromium  deposits. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A177828/1/NAA 

Price  code:     A02 
To  discuss  this  effort  further,  contact: 
S.  K.  Pan  or  E.  S.  Chen 

U.  S.  Army  Armament  Research,  Development  &  Engineering  Center 
Benet  Weapons  Laboratory,  SMCAR-CCB-TL 
Watervliet,  NY     12189-4050 
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Langley  Research  Center,  Hampton,  Virginia 


Licensing 
Opportunity 


Grips  for  Lightweight  Tensile  Specimens 

A  double-wedge  design  substantially  increases 
gripping  force  and  reduces  slippage. 


A  set  of  grips  has  been  developed  for 
the  tensile  testing  of  lightweight  com- 
posite materials.  Resin-based,  fiber- 
reinforced  composite  materials  are  more 
susceptible  than  metal  specimens  of 
comparable  cross  section  to  bending  and 
twisting  during  installation  and  to  slippage 
and  deformation  in  the  grip  region.  Even  a 
small  degree  of  misalignment  in  the 
specimen  during  tensile  testing  can  af- 
fect the  measured  mechanical  proper- 
ties. The  new  grips  minimize  specimen 
misalignment  and  reduce  scatter  in  the 
data. 

The  gripping  force  is  applied  by  driving 
hardened  wedges  against  the  end  tabs  of 
the  specimen.  This  double  wedging  ac- 
tion, actually  a  wedge  driven  against 
another  wedge,  allows  a  greater  force  to 
be  applied  over  a  larger  area,  thereby 
minimizing  slippage  and  deformation  in 
the  grip  region.  Alignment  is  maintained 
by  assembling  the  grips  inside  a  back- 
plate  on  a  horizontal  surface.  This  back- 
plate  keeps  the  specimen  from  twisting 
and  bending  during  installation.  It  is 
removed  only  after  the  assembly  has 
been  put  firmly  in  place  on  the  testing 
machine. 

More  than  75  specimens  of  5  different 
lightweight  materials,  typically  demon- 
strating fractures  occurring  evenly  along 


Hardened  Wedges 
(Almost  Hidden) 


Backplate 


The  Specimen  Is  Held  by  grips  made  of  hardened  wedges.  The  assembly  is  screwed  into  a 
load  cell  in  a  tensile-testing  machine. 


the  specimen  lengths,  were  tested  and 
showed  only  a  small  variance  in  meas- 
urement data.  The  device  shown  can  be 
scaled  up  or  down  in  order  to  accommo- 
date differently  configured  specimens. 

This  work  was  done  by  William  G. 
Witte,  Jr.,  and  Walter  D.  Gibson  of 
Langley  Research  Center  Further  infor- 
mation may  be  found  in  NASA  TM-87624 
[N8&11299/NSP],  "Manual  for  LDEF  Ten- 
sile Tests. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 


Springfield,  Virginia  22161, 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Langley  Research  Center  Refer  to 
LAR-13461/TN 

Langley  Research  Center 

Technology  Utilization  Officer: 

John  Samos 

Mail  Stop  139A 

Hampton,  VA  23665 

(804)  865-3281 

Patent  Counsel: 

Howard  J.  Osborn 

Mail  Code  279 

Hampton,  VA  23665 

(804)  865-3725 


I 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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IWVSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Statistical  Tests  of  Re- 
liability of  NDE 

The  capabilities  of  advanced 
material-testing  techniques 
are  analyzed. 

A  collection  of  four  reports  illustrates  a 
statistical  method  for  characterizing  the 
flaw-detecting  capabilities  of  sophisticated 
nondestructive  evaluation  (NDE).  This 
method  has  been  used  to  determine  the 
reliability  of  several  state-of-the-art  NDE 
techniques  for  detecting  failure-causing 
flaws  in  advanced  ceramic  materials  being 
considered  for  use  in  automobiles,  air- 
planes, and  space  vehicles. 

Defects  or  flaws  within  a  structural 
material  can  effectively  weaken  the  ma- 
terial or  degrade  its  toughness  to  the  point 
of  catastrophic  failure.  For  example, 
ceramics  being  investigated  as  replace- 
ments for  metals  in  engines  exhibit  wide 
variability  in  strength  and  low  toughness. 
These  undesirable  properties  are  generally 
attributed  to  impurity  particles,  voids,  or 
microcracks  introduced  during  the  manu- 
facture of  these  materials. 

Sensitive,  reliable  NDE  techniques  are 
needed  to  detect  flaws  having  the  potential 
to  cause  failures.  Reliability  is  difficult  to 
assess  since  results  are  influenced  by 
many  variables,  including  the  flaw  shape 
and  orientation,  the  surface  texture  and  the 


microstructure  of  the  material,  and  the 
day-to-day  variability  of  the  performance  of 
the  equipment  and  operator. 

The  development  of  the  statistical  meth- 
od included  the  development  of  techniques 
in  which  specially  prepared  specimens  (of 
a  specific  material)  containing  artificially 
seeded  controlled  flaws  are  examined  with 
the  NDE  technique.  Data  are  gathered  on 
the  number  and  size  of  flaws  detected  or 
not  detected.  The  data  are  analyzed  using 
a  detailed  computer  program  involving  bi- 
nomial-distribution statistics,  and  the 
reliability  subsequently  displayed  gra- 
phically in  terms  of  the  probability  of  flaw 
detection  as  a  function  of  the  flaw  type  and 
size.  This  method  was  used  to  determine 
the  reliability  of  two  sophisticated  NDE 
techniques  (scanning  laser  acoustic  mi- 
croscopy and  microfocus  x-radiography) 
for  detecting  different  flaw  types  in  struc- 
tural ceramic  materials. 

This  program  was  written  by  George  Y. 
Baaklini,  Stanley  J.  Klima,  Don  J.  Roth,  and 
James  D.  Kiser  of  Lewis  Research  Cen- 
ter. Further  information  may  be  found  in: 
NASA  TM-86945  [N  85-21 674/NSP],[A02] 


"Radiographic  Detectability  Limits  for 
Seeded  Voids  in  Sintered  Silicon  Car- 
bide and  Silicon  Nitride, " 

NASA  TM-87035,  [N85-32337/NSP],[A(M] 
"Reliability  of  Void  Detection  in  Struc- 
tural Ceramics  Using  Scanning  Laser 
Acoustic  Microscopy," 

NASA  TM-87164,  [N86-13749/NSP],[AQ2] 
"Probability  of  Detection  of  Internal 
Voids  in  Structural  Ceramics  Using  Mi- 
crofocus Radiography, "  and 

NASA  TM-87222  [N86-16599/NSP].[A03] 
"Reliability  of  Scanning  Laser  Acoustic 
Microscopy  for  Detecting  Internal 
Voids  in  Structural  Ceramics. " 
Copies  may  be  purchased  from  the 

National  Technical  Information  Service, 

Springfield,  Virginia  22161. 

LEW-14450/TN 
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Other  items  of  Interest 

1086  Respiratory  Protection  for  the  Asbestos  Abatement  Industry 
—  An  updated  guide  gives  practical  guidance 


' 


Technology  Assessment 

Department  of  the  Air  Force 


High-G  Centrifuge  Training 

A  training  course  has  been  developed  to  train  TAC 
pilots  in  the  proper  use  of  the  L-1  straining  maneuver 
as  a  method  of  increasing  their  G  tolerance.  A  2-hour 
classroom  lecture  with  slides,  handouts,  and  video- 
tapes provides  the  academic  background  necessary 
.to  understand  the  physiological  basis  of  the 
method,  its  application,  and  its  effects.  Practical 
training  consists  of  several  runs  on  the  USAFSAM 
Centrifuge  beginning  with  a  gradual  onset  run  to  de- 
termine the  pilot's  relaxed  and  straining  tolerance 
without  a  G-suit.  The  ensuing  4  rapid  onset  runs  in- 
clude practice  straining  at  +6  Gz  for  30  seconds, 
training  at  +8  and  +9  Gz  for  15  seconds  each,  and  a 
1 0  second  run  at  +9  Gz  while  turning  the  head  as  if  to 
check  area  behind  the  pilot.  The  pilot  is  visually 
monitored  and  recorded  on  videotape  during  the 
runs.  After  each  run,  the  pilot  is  briefed  on  the  ap- 
parent effectiveness  of  his  straining  maneuver. 
Some  verbal  cues  are  given  during  the  runs  as 
deemed  necessary  by  the  medical  monitor.. 


APPLICATIONS: 

Training  pilots  and  other  persons  subject  to  high  +Gz 
in  the  use  of  an  efficient  and  effective  straining  ma- 
neuver which  has  been  shown  to  considerably  in- 
crease +Gz  tolerance. 

AVAILABILITY:  Use  of  the  USAFSAM  Centrifuge  is 
limited  to  official  USAF  (and  DOD)  research  and 
training  programs.  However;  the  course  materials 
and  procedures  could  be  used  with  other  man-rated 
centrifuges  capable  of  producing  high  G. 

ADDITIONAL  INFORMATION: 

Mr  Larry  Meeker 

USAFSAM/VNS 

Brooks  AFB,  TX  78235-5301 

(512)  536-3811 
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Antifibrillartory  Effects  of  Lidocaine  and  Bretylium 


The  drugs  lidocaine  and  bre- 
tylium are  commonly  used  to 
prevent  ventricular  fibrillation. 
Their  use  is  also  thought  to  fa- 
cilitate defibrillation.  But  re- 
searchers at  the  University  of 
Connecticut's  Hartford  Hospi- 
tal in  Hartford  have  found  that 
after  fibrillation  has  occurred, 
lidocaine  acutely  increases  the 
amount  of  electrical  current 
and  energy  necessary  to 
restore  normal  rhythm  to  the 
heart. 

Dr.  Moses  S.  S  Chow,  associ- 
ate professor  of  pharmacy,  and 
his  colleagues  at  the  university 
and  at  Hartford  Hospital  studied 
the  effects  of  the  drugs  in  nine 
healthy  dogs.  The  animals  were 
anesthetized  with  pentothal  and 
alpha-chloralose  Ventricular 
fibrillation  was  induced  with  the 
use  of  a  bipolar  electrode  insert- 
ed into  the  right  ventricle. 

Cardiopulmonary  resuscitation 
(CPR)  was  performed  with  a 
pneumatic  chest  compression 
device.  Lidocaine  and  bretylium 
were  administered  intravenously 
immediately  following  the  initia- 
tion of  CPR.  One  minute  later,  de- 
fibrillator shocks  were  applied 
following  placement  of  defibrilla- 
tion paddles  onto  the  chest  wall. 

Defibrillation  after  lidocaine 
administration  reguired  signifi- 
cantly more  current  in  six  of  the 
dogs;  bretylium  did  not  change 
the  levels  reguired. 


Drug  therapy  for  cardiac  ar- 
rhythmias can  involve  a  complex 
group  of  interactions.  Lidocaine 
and  bretylium  significantly  in- 
crease the  threshold  for  ventricu- 
lar fibrillation.  But  as  shown  in  Dr. 
Chow's  recent  study,  the  thresh- 
old for  successful  defibrillation  is 
also  increased  by  lidocaine.  On 
the  basis  of  these  results,  admin- 
istration of  bretylium  appears  to 
be  more  desirable  than  lido- 
caine. When  antiarrhythmic 
agents  are  used  following  car- 
diac arrest  and  during  CPR, 
however,  Dr.  Chow  says  that 
other  pharmacologic  properties 
should  be  considered.  "Bre- 
tylium may  induce  hypotension 
and  prolong  the  time  of  blood 
pressure  recovery  after  re- 
suscitation," Dr.  Chow  says  He 
also  has  observed  a  delay  in  the 
onset  of  its  antifibrillatory  effect 
after  defibrillation. 

Dr.  Chow  suggests  that  con- 
current administration  of  bre- 
tylium and  lidocaine  at  standard 
doses  may  be  one  way  to 
provide  optimal  antifibrillation 
during  CPR.  He  points  out. 
however,  that  further  study  is 
needed  to  verify  this  hypothesis. 
— James  R.  Jauchem,  Ph.D. 

Additional  reading: 
1.  Chow,  M.  S.  S.,  Kluger,  J., 
Lawrence,  R.,  and  Fieldman,  A., 
The  effect  of  lidocaine  and  bre- 
tylium on  the  defibrillation  thresh- 
old during  cardiac  arrest  and 


cardiopulmonary  resuscitation. 
Proceedings  of  the  Society  for 
Experimental  Biology  and  Medi- 
cine 182:63-67,  1986. 

2.  Chow,  M.  S.  S.,  Kluger,  J.,  Di- 
Persio,  D.  M.,  Lawrence,  R.,  and 
Fieldman,  A.,  Antifibrillatory 
effects  of  lidocaine  and  bretylium 
immediately  postcardiopulmon- 
ary  resuscitation.  American 
Heart  Journal  110:938-943, 
1985. 

3.  Chow,  M.  S.  S.,  Ronfeld, 
R.  A.,  Hamilton,  R.  A.,  Helmink, 
R  ,  and  Fieldman,  A.,  Effect  of 
external  cardiopulmonary  re- 
suscitation on  lidocaine  phar- 
macokinetics in  dogs.  Journal  of 
Pharmacology  and  Experimental 
Therapeutics  224:531-537, 
1983. 

The  research  described  in  this 
article  was  supported  by  the 
Hartford  Hospital  Research 
Committee  and  the  Biomedical 
Research  Support  Program  of 
the  NIH  Division  of  Research  Re- 
sources 

For  Additional  Information: 

To  locate  information  or 
professional  contacts  on  this 
effort,  contact: 

Research  Resources 
Information  Center, 
1601  Research  Blvd., 
Rockville,  MD  20850 
(301 )  984-2870 

Refer  to  item  XI,  No.  6/TN 
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Protein  Structures  Studied  through  Computer 
Visualization 


The  latest  efforts  by  the  Division  of 
Computer  Research  and  Technology 
(DCRT)  to  increase  understanding  of 
protein  architecture  involve  computer 
visualization  of  proteins  unfolding.  Know- 
ing how  proteins  fold  is  important 
because  the  solution  to  many  molecular 
biological  problems  hinges  on  being  able 
to  build  a  model  of  a  protein  from  its 
amino  acid  sequence. 

In  recent  years,  most  of  the  work  in 
molecular  graphics  has  concentrated  on 
modeling  proteins  by  expanding  on  the 
results  of  X-ray  crystallography.  Although 
crystallography  still  is  the  only  high- 
resolution  source  of  three-dimensional 
information  on  protein  structure,  it  is  both 
expensive  and  time-consuming— taking  a 
month  or  more  to  complete  a  single 
crystal  structure. 


Now,  DCRT  scientists  are  developing  a 
new  system  that  combines   advanced 
computer  equipment  and  mathematical 
software  with  biomedical  expertise.  A 
powerful  piece  of  computer  equipment 
called  an  array  processor,  which  reduces 
the  time  needed  to  perform  certain 
calculations,  implemented  with  a  molecu- 
lar mechanics  software  program,  has 
enabled  the  scientists  to  develop  a 
graphic  simplification  of  protein  structure. 

Two  facts  about  protein  folding  are 
considered  indisputable:  a  protein 
emerges  from  the  ribosome  unfolded  as 
a  polypeptide  chain;  and  crystallography 
demonstrates  that  proteins  are  folded 
structures. 

How  does  the  polypeptide  chain  trans- 
form from  the  unfolded  state  to  the  folded 
state?  Richard  J.  Feldmann  and  his 


Where  crystal  structures  exist  tor  members  ot  a  protein  tamily,  suitable  computer  graphic  models  can  be  constructed  However  with  tew  exceptions. 

it  is  impossible. to  build  a  model  when  only  the  amino  acid  sequence  is  known,  because  it  is  not  generally  known  how  proteins  told 

DCRT  scientists  have  developed  a  lool  lor  understanding  the  folding  ot  proteins,  they  have  applied  these  techniques  to  all  ot  the  protein  data  sets  in 

the  Protein  Data  Bank  trom  the  Brookhaven  National  Laboratory  A  set  ot  three-dimensional  slides  ot  these  has  been  prepared  and  distributed  to 

scientists  throughout  the  world  so  that  they  can  begin  to  think  about  the  toldmg  ot  proteins  m  a  more  graphic  way 

These  two  illustrations  show  the  folded  protein  llavodoxm  The  "wire"  model  is  useful  tor  studying  the  back  ot  the  protem.  the  model  with  tilled-m 

spheres  (color-coded)  is  useful  tor  studying  the  characteristics  ot  the  surface 
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coworkers  at  DCRT  have  developed 
computer  images  of  the  chains  of  atoms 
of  the  peptide  backbones  of  p'roteins  as 
revealed  by  their  crystal  structures.  The 
distance  and  angles  in  the  peptide 
backbone  have  been  mathematically 
manipulated  to  create  a  smoothed  chain 
that  is  easier  to  see  in  three  dimensions. 

By  examining  this  smoothed  crystal 
structure,  the  DCRT  team  asserts,  it  is 
possible  to  develop  a  logic  that  specifies 
protein  folding  paths.  The  logic  is  deve- 
loped by  working  backwards  from  the 
folded  state  to  the  unfolded  state.  The 
essence  of  the  idea  is  to  determine 
whether  a  smoothed  visualization  of  the 
protein's  crystal  structure  offers  any 
clues  about  the  stages  of  protein  folding. 

Feldmann  has  used  the  analogy  of 
rolling  a  ball  of  string.  "Thinking  about 
rolling  up  string  into  a  ball,"  he  explains, 
"we  leap  almost  immediately  to  questions 
about  how  the  stiffness  of  the  string 
affects  its  manipulation."  The  computer- 
ized unfolding  of  the  protein  is  simply  a 
backwards  view  of  the  forward,  folding 
(or  rolling)  process  that  occurs  in  nature. 

The  analogy  of  the  ball  of  string, 
Feldmann  explained,  "lies  in  the  idea  that 
portions  of  the  protein  as  it  folds  must 
move  about  in  three-dimensional  space." 

In  the  graphic  simplification,  the  pro- 
tein's peptide  backbone  is  represented 
as  a  smooth,  wire-like  object.  Other 
protein  features  are  depicted  in  different 
colors  and,  thus,  become  clearly  distin- 
guishable as  separate  spatial  entities. 


This  representation  produces  a  curve 
in  three-dimensional  space  for  each 
protein,  which  connects  the  protein's 
features  and  forms  its  global  structure, 
thereby  enabling  viewers  to  grasp  the 
protein's  structure  almost  independent  of 
its  size  or  complexity. 

Until  recently,  discussions  of  protein 
folding  have  been  conducted  predomi- 
nantly without  graphic  aids.  So  there  is 
no  appropriate  vocabulary  for  discussing 
the  newly  visualized  motion  of  chain-like 
objects  in  three  dimensions.  The  devel- 
opment of  such  concepts,  and  the 
vocabulary  to  discuss  them,  is  one  goal 
of  the  DCRT  work. 

Realization  of  this  goal  is  years  away 
as  is  the  scientists'  hope  of  developing  a 
way  to  create  protein  models  by  folding 
any  protein  sequence  from  first  princi- 
ples. Nonetheless,  significant  progress 
toward  its  fulfillment  has  been  achieved 
this  year. 

For  Additional  Information: 

To  locate  information  or 
professional  contacts  on  this 
effort,  contact: 

Patricia  Miller 
Division  of  Computer 

Research  and  Technology 

(DCRT), 

NIHBIdg.  12A,  Room  3027, 
9000  Rockville  Pike, 
Rockville,  MD  20892 
(301 )  496-6203 


( 
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Computer  Techniques  Make  Possible  the 
Measurements  of  Forces  between  Biological  Molecules 


One  of  the  great  challenges  in  molecu- 
lar biology  today  is  to  understand  how 
the  basic  building  blocks  of  life— proteins, 
nucleic  acids,  lipids,  and  carbohy- 
drates—organize themselves  into  the  cel- 
lular assemblies  that  are  being  defined 
through  modern  cell  biology.  To  under- 
stand cell  biology,  scientists  must  under- 
stand the  nature  of  physical  forces  that 
allow  biological  molecules  to  find  each 
other  and  fit  inside  cells.  The  research 
needed  for  his  work  relies  heavily  on 
computer  technology  supported  by  the 
DCRT. 

Until  recent  years,  there  has  been 
surprisingly  little  direct  information  about 
molecular  forces  in  aqueous  media.  The 
role  of  the  water,  in  particular,  surround- 
ing two  interacting  molecules  has  been 
especially  difficult  to  define.  It  has  long 
been  recognized  that  water  has  unusual 
solvent  properties.  These  make  force 
computation  difficult  and  should  make 
intermolecular  forces  themselves  act  in 
qualitatively  different  ways  from  those  in 
most  other  media. 

It  now  appears  that  one  may  think  of 
water  as  being  specifically  patterned 
around  the  surface  of  soluble  molecules, 
and  the  interaction  of  two  molecules  in 
water  as  a  displacement  of  this  patterned 
water  as  the  two  bodies  approach.  The 
action  of  this  structured  water  between 
two  molecules  is  called  the  "hydration 
force." 

Present-day  thinking  in  these  terms 
began  almost  10  years  ago  in  a  collabo- 
ration between  Dr.  Adrian  Parsegian  of 
the  Physical  Sciences  Laboratory,  DCRT, 
and  the  Laboratory  of  Chemical  Biology 
at  the  former  National  Institute  of  Arthri- 
tis, Diabetes,  and  Digestive  and  Kidney 
Diseases  (NIADDK),  and  Dr.  Peter  Rand, 
Brock  University,  Canada. 

These  scientists  developed  an  osmotic 
stress  method  for  directly  measuring  the 
force  required  to  push  electrically  neutral 
lipid  membranes.  They  identified  very 
strong  replusive  hydration  forces 
between  membranes  even  separated  by 
20  to  30  Angstroms,  i.e.,  some  7  to  10 
molecular  diameters  of  water.  This  force 


easily  dominated  all  other  interactions, 
even  electrostatic  forces  in  the  case  of 
electrically  charged  interacting  mem- 
branes. These  scientists  soon  realized 
that  hydration  barriers  in  this  range  of 
separations  were  virtually  ubiquitous 
among  membranes  and  were  an  impor- 
tant factor  in  maintaining  stable  mem- 
brane structure.  In  fact,  the  loss  of  this 
repulsion  in  living  systems,  as  when 
membranes  are  destined  to  fuse,  is  a 
closely  regulated  event  involving  deliber- 
ate changes  in  membrane  structure, 
composition,  and  ionic  environment. 

Recently,  Dr.  Donald  Rau  of  the 
National  Institute  of  Diabetes  and  Diges- 
tive and  Kidney  Diseases  (NIDDK)  and 
Dr.  Parsegian,  with  the  assistance  of  Dr. 
B-K  Lee  of  the  DCRT,  have  succeeded 
in  measuring  the  intermolecular  forces 
between  parallel  DNA  double  helices. 
Again,  the  clear  result  is  that  the  domi- 
nant forces  between  these  molecules  as 
they  approach  contact  are  forces  of 
hydration,  rather  than  the  electrostatic 
forces  that  had  been  expected  in  this 
system. 

It  appears  that  the  organization  of  the 
water  directly  in  contact  with  the  molecu- 
lar surface  can  affect  the  structure  of 
water  many  Angstroms  away  from  the 
surface.  Ion  binding  to  the  DNA  surface, 
for  example,  changes  the  intermolecular 
force  by  modifying  the  organization  of  the 
water  on  the  surface  of  DNA,  due  to  the 
restructuring  of  water  by  these  ions.  Most 
recently,  it  has  been  found  that  specific 
ions  so  change  the  water  at  particular 
spots  on  the  molecular  surface  that  they 
allow  the  formation  of  "water  bridges" 
between  helices  and  the  appearance  of 
dominating  hydration  forces. 

To  achieve  these  results,  the  NIH 
scientists  have  used  several  different 
techniques,  such  as  X-ray  diffraction, 
computer  graphics,  and  fairly  sophisti- 
cated physical  theory.  For  example,  the 
Parsegian  and  Rand  work  was  noted  by 
the  Yugoslav  physicist,  Dr.  Stepan  Mar- 
celja  (now  at  the  Australian  National 
University),  who  showed  how  water  sev- 
eral layers  away  from  the  molecular 
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surface  can  be  influenced  by  the  first 
layer  of  water  in  direct  contact  with  the 
surface. 


For  Additional  Information: 

To  locate  information  or 
professional  contacts  on  this 
effort,  contact: 

Patricia  Miller 
Division  of  Computer 

Research  and  Technology 

(DCRT), 
NIHBIdg.  12A,  Room  3027, 
9000  Rockville  Pike, 
Rockville,  MD  20892 
(301)496-6203 
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Molecular  Computer  Graphics 


Can  man  actually  beat  nature  at  its  own 
game?  Several  scientists,  especially 
molecular  engineers,  think  so  and  with  the 
use  of  revolutionary  computer  graphics 
they  are  discovering  how  to  create 
"instant  evolution"  to  alter  and  conceiva- 
bly improve  protein  design. 

The  computer  graphics  revolution  is  a 
significant  development  of  genetic  engi- 
neering, allowing  scientists  to  compile 
and  compare  substantial  amounts  of  data 
on  the  structure  of  proteins  and  other  bio- 
logical building  blocks.  In  addition,  com- 
puter graphics— the  methods  and  tech- 
niques used  to  construct  data  to  or  from 
graphic  display  on  computers— have 
transformed  scientists'  ability  to  envision 
the  shape  of  molecules  and  to  predict  the 
effect  of  their  alterations.  This  capability  is 
vital  because  a  protein's  shape  deter- 
mines its  function. 

NIH's  Division  of  Computer  Research 
and  Technology  (DCRT)  houses  a  com- 
puter graphics  system  that  produces 
molecular  graphics.  Developed  nearly  9 
years  ago  by  computer  graphics  special- 
ist Richard  J.  Feldmann  and  his  former 
colleague  Thomas  Porter,  it  is  now  one  of 
the  most  powerful  molecular  graphics 
systems  in  the  world. 

The  system  allows  scientists  to  inspect 
in  three  dimensions  the  contours  and  tex- 
tures of  complex  biological  molecules 
such  as  proteins,  atoms,  and  nucleic 
acids.  The  image  of  the  molecule  can  be 
turned  around,  enlarged,  reduced,  or 
highlighted,  allowing  the  scientist  to  view 
the  molecule  from  any  angle,  in  its 
entirety,  or  in  detail.  The  molecule  also 
can  be  videotaped  or  photographed  for 
later  study. 

Understanding  how  large  molecules 
such  as  enzymes,  antibodies,  or  other 
proteins  function  in  health  or  disease 
depends  on  understanding  how  their  var- 
ious properties  are  assembled  and  how 
the  whole  molecule  reacts  with  other 
molecules.  The  DCRT  molecular  model- 
ing system  enables  the  scientist  to  figura- 
tively "hold"  a  molecule  and  examine  it 
from  the  outside  and  inside. 

Once  a  protein's  design  is  determined, 
scientists  can  predict  how  that  design 
may  be  improved.  Molecular  graphics 


enable  the  effects  of  these  changes  to  be 
discovered  almost  immediately.  Studies  of 
structures  such  as  sodium  channel,  ade- 
novirus, and  DNA  have  been  aided  sub- 
stantially with  the  DCRT  molecular  gra- 
phics system. 

Very  few  computer  graphics  systems 
worldwide  are  comparable  to  the  DCRT 
system  for  drawing  space-filling  images 
that  show  the  surfaces  of  molecules.  The 
system  initially  was  used  only  by  NIH 
scientists,  but  its  superior  capabilities 
quickly  became  known  and  crystallo- 
graphers,  pharmacists,  and  biochemists 
from  all  over  the  world  now  use  it 
regularly. 

Crystallographers  in  the  Molecular 
Structure  Section,  Laboratory  of  Molecu- 
lar Biology  (LMB),  at  the  National  Institute 
of  Diabetes  and  Digestive  and  Kidney 
Diseases  (NIDDK),  routinely  use  their 
molecular  graphics  in  research  on  biolog- 
ical molecular  structures.  The  line  draw- 
ing system  is  used  to  determine  the 
molecular  structures,  and  the  space-filling 
system  helps  to  present  the  results. 

According  to  Dr.  Richard  Bott,  formerly 
a  crystallographer  in  LMB  and  now  at 
Genentech  in  South  San  Francisco,  one 
of  the  most  important  points  in  studying 
proteins  is  figuring  out  how  they  work,  and 
the  answer  is  in  the  geometry. 

"With  biological  molecules  such  as  pro- 
teins, which  contain  thousands  of  atoms, 
it  is  difficult  to  demonstrate  what  is  what 
within  the  molecule,"  Bott  said.  "You  can 
do  this  quite  clearly  with  molecular  gra- 
phics by  using  color  to  highlight  various 
parts  of  the  molecule." 

Protein  chemists,  such  as  Kaiser  and 
the  Richardsons.  are  attempting  to  create 
proteins  that  are  more  reliable,  more 
active,  or  more  beneficial  than  the  ones 
nature  provides  through  evolution.  But 
they  are  just  beginning  to  understand  how 
amino  acids  translate  into  the  coils,  twists. 
and  turns  that  make  up  a  three- 
dimensional  protein.  This  chemical  shace 
determines  how  a  protein  will  interact  with 
its  target  molecule. 

Thus  far,  like  the  authentic  evolutionary 
process,  most  laboratory  attempts  to 
create  evolution  instantly  have  resulted  in 
molecular  disaster.  Chemical  yields  nave 
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been  greatly  reduced  and  even  a  slight 
alteration  to  a  protein  can  just  as  easily 
destroy  its  function  as  improve  it. 

But  with  computer  technology  continu- 
ously being  improved,  protein  research  in 
the  future  should  unmask  the  mysteries 
we  face  today. 


For  Additional  Information: 

To  locate  information  or 
professional  contacts  on  this 
effort,  contact: 

Patricia  Miller 
Division  of  Computer 

Research  and  Technology 

(DCRT), 
NIHBIdg.  12A,  Room  3027, 
9000  Rockville  Pike, 
Rockville,  MD  20892 
(301 )  496-6203 
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Laboratory  for  Fluorescence  Dynamics 


The  Laboratory  for  Fluorescence 
Dynamics  (LFD),  recently  estab- 
lished at  the  University  of  Illinois 
at  Urbana-Champaign  (UIUC), 
fills  a  dual  role  of  providing  a 
user-oriented  facility  with  state- 
of-the-art  fluorescence  equip- 
ment and  a  multidisciplinary 
environment  to  research  and  de- 
velop new  fluorescence  instru- 
mentation and  theory. 

The  only  national  laboratory  of 
its  kind,  the  LFD  serves  the  UIUC 
community  and  visiting  re- 
searchers who  are  experiment- 
ing with  fluorescence  measure- 
ments of  biomedical  and  bio- 
chemical samples.  Scientists  are 
currently  using  the  equipment  to 
study  the  relationships  between 
structure  and  function  in  cells' 
lipids  and  membranes,  proteins, 
and  other  biological  macro- 
molecules. 

Fluorescence,  the  interaction 
of  light  and  matter  resulting  in  the 
re-emission  of  light,  occurs  in  bil- 
lionths  of  a  second  and  corre- 
sponds to  the  time  scale  of  bio- 
logical events  on  a  molecular 
level.  For  example,  measure- 
ments of  processes  including 
diffusion  of  small  molecules,  ro- 
tational motions  of  proteins,  and 
proton  transfer  reactions  are 
studied  by  fluorescence  tech- 
niques. 

Dr.  Enrico  Gratton,  UIUC  pro- 
fessor of  physics  and  principal 
investigator  of  the  project,  and 
Dr.  William  Mantulin,  professor  of 
biophysics  and  biochemistry  and 
director  of  the  LFD,  head  the  de- 
velopment activity  at  the  LFD. 

Dr.  Gratton  has  developed  a 
sophisticated  technique  that 
measures  the  time  course  of  fluo- 
rescence (fluorescence  lifetime). 
The  technique,  called  variable- 
frequency  phase-modulation  flu- 


orometry,  is  important  in  the 
study  of  excited  states  of  atoms, 
molecules,  and  crystals,  and 
also  for  diagnostic  purposes  in 
the  physical,  chemical,  biolog- 
ical, and  medical  sciences. 

LFD  researchers,  led  by  Dr. 
Gratton,  will  continue  to  develop 
instrumentation,  software,  and 
biomedical  applications  using 
the  fluorescence  facility.  Projects 
now  being  researched  for  de- 
velopment include  sensors  for 
detecting  dissolved  oxygen  in 
blood  and  the  analysis  of  drugs. 

With  the  renewed  interest  in 
fluorometry,  a  number  of  new  in- 
struments have  been  developed 
and  are  available  at  the  LFD  user 
facilities.  These  include  a  pho- 
ton-counting spectrofluorometer 
for  spectral  measurements  and 
two  laser-based,  variable,  multi- 
frequency  phase  fluorometers  for 
determining  fluorescence  life- 
times. Dedicated  microcompu- 
fers  are  used  in  the  lab  to  collect 
and  store  data  and  perform  data 
analysis. 

A  basic  biochemistry  labora- 
tory also  was  constructed  to 
provide  short-  and  long-term 
users  with  facilities  necessary  to 
isolate,  purify,  and  modify  sam- 
ples. 

Visiting  scientists  conducting 
academic  research  may  use  the 
LFD  facilities  at  no  charge.  The 
shared  resource  laboratory  not 
only  provides  investigators  with 
the  latest  fluorescence  technol- 
ogy in  conducting  basic  experi- 
ments but  also  allows  them  to 
consult  with  experts  in  the  field 
and  share  information  related  to 
their  individual  research  proj- 
ects, Dr.  Gratton  says. 

More  than  100  scientists  from 
across  the  world  have  already 
contacted   Dr.   Gratton  about 


using  the  LFD  facilities.  The  num- 
ber of  researchers  using  the  lab 
will  increase  as  more  instruments 
are  developed,  he  says. 

Commercial  companies  may 
have  access  to  the  laboratory  for 
proprietary  work  on  a  fee-for- 
service  basis.  The  laboratory 
also  will  be  used  to  conduct 
UIUC  graduate-level  courses 
and  student  research  projects. 

The  biochemistry  laboratory 
and  the  LFD,  housed  in  the 
Loomis  Laboratory  of  Physics, 
were  funded  by  a  5-year.  $1.8 
million  grant  from  the  Division  of 
Research  Resources  (DRR)  of 
the  National  Institutes  of  Health 
and  supported  in  part  by  the 
UIUC  department  of  physics. 
The  project  is  part  of  DRR's  Bio- 
medical Research  Technology 
Program,  which  enables  scien- 
tists to  share  highly  advanced  fa- 
cilities for  biomedical  research. 

The  UIUC  was  chosen  to 
house  the  facility  because  of  its 
resident  expertise,  existing  in- 
strumentation and  methodology 
for  fluorescence  measurement 
and  its  strong  history  of  inter- 
disciplinary collaborative  re- 
search in  the  field.  Dr.  Gratton 
says. 

For  more  information  about 
using  the  LFD  facility,  contact: 
Dr.  Catherine  Royer 
Visitor  Coordinator 
Laboratory  for  Fluorescence 
Dynamics 

University  of  Illinois  at  Urbana- 
Champaign 
Department  of  Physics 
1110W.  Green  St. 
Urbana.  IL  61801 
Telephone:  (217)244-5620 
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Department  of  Health  and  Human  Services 

National  Library  of  Medicine 


< 


NLM  (National  Library  of  Medicine)  Chemical  and 
Toxicological  Files  PC  Demo  Disk 


The  NLM  Chemical  and  Toxicological  Files 
PC  Demo  Disk  is  an  interactive,  microcom- 
puter demonstration  of  the  CHEMLINE, 
TOXLINE,  RTECS,  HSDB,  and  CCRIS 
files.  It  is  designed  to  acquaint  the  user 
with  the  content  and  search  capabilities  of 
these  databases.  There  is  a  section  on 
each  database  containing  a  brief  descrip- 
tion of  the  file  and  several  sample  search- 
es. 

The  program  is  written  in  PILOTplus  au- 
thoring language  for  implementation  on 
IBM-PC,  XT,  AT,  and  fully  compatible  com- 
puters, using  DOS  2.0  or  higher  operating 
system.  It  requires  256K  RAM  memory  and 
one  disk  drive.  It  supports  most 


monochrome,  color  graphics,  or  enhanced 
color  graphics  displays. 

For  Additional  Information: 

For  information  about  ordering  this  soft- 
ware, contact  the 

NTIS  Computer  Products  Center,  NTIS, 
5285  Port  Royal  Road,  Springfield,  VA 
22161;  (703)  487-4763. 

Refer  tO  PB87-143327 

Price:  $15.00 

The  software  is  contained  on  5  1/4-inch 
diskette,  double  sided,  double  density 
compatible  with  the  IBM  PC,  AT,  XT  micro- 
computer. Diskettes  are  in  the  ASCII  for- 
mat. 


i 


( 
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Spectroscopy  Measures  Malarial  Changes  in  Red  Cells 


In  hopes  of  ultimately  under- 
standing and  controlling  malaria, 
still  a  major  disease  in  some  sub- 
tropical parts  of  the  world,  re- 
searchers refined  an  electron 
spin  resonance  spectroscopic 
technique  to  gather  basic  infor- 
mation on  the  lipid  structural 
changes  that  occur  in  red  cell 
membranes  as  a  result  of  infec- 
tion. The  technique,  which  uses  a 
stable  free  radical  as  a  spin  label 
to  provide  the  spectra,  holds 
promise  for  similar  studies  of 
other  membrane-related  phe- 
nomena such  as  those  occurring 
in  sickle  cell  anemia,  tumors,  and 
other  parasitic  diseases  like 
leishmaniasis. 

According  to  a  spokesman  for 
the  Centers  for  Disease  Control, 
malaria  infects  about  200  million 
people  worldwide  each  year.  Ap- 
proximately 1 ,000  of  the  cases 
are  in  the  United  States,  most  of 
them  foreigners  or  Americans 
who  became  infected  while 
abroad  Since  1973  infection 
caused  by  a  potentially  lethal 
form  of  malaria,  Plasmodium 
falciparum,  has  increased  10- 
fold  in  Americans  travelling  over- 
seas. 

While  some  researchers  are 
trying  to  develop  a  vaccine,  a 
team  of  researchers  in  Pennsyl- 
vania hope  that  a  better  under- 
standing of  the  basic  structural 
changes  in  the  membranes  of 
malaria-infected  red  cells  might 
someday  lead  to  an  alternative 
way  to  control  or  prevent  the  in- 
fectious disease.  "One  of  the 
things  that  has  been  difficult  for  a 
physical  chemist  like  myself  to 
reconcile  is  the  mechanism  by 
which  this  relatively  large  para- 
site, which  is  about  one-tenth  the 
size  of  the  red  cell,  penetrates 
the  very  stable,  nonendocytic 
red  cell  membrane,"  says  Dr. 
Theodore  Taraschi,  currently  as- 
sistant professor  of  pathology 
and  cell  biology  at  the  Thomas 
Jefferson  University  School  of 
Medicine  in  Philadelphia. 


Finding  an  answer  to  this  basic 
question  prompted  Dr.  Taraschi 
and  other  investigators  at 
Hahnemann  University  and  the 
University  of  Pennsylvania 
schools  of  medicine  in  Phila- 
delphia to  conduct  a  study  of  the 
red  cell  membrane  after  it  had 
been  invaded  by  the  parasite. 
They  found  that  at  different 
stages  of  its  intraerythrocytic 
growth  the  infectious  organism 
caused  nonuniform  changes  in 
the  major  types  of  phospholipids 
making  up  the  membrane.  This 
confirmed  evidence  presented  in 
1981  by  Indian  researchers  that 
there  are  dramatic  changes  in 
membrane  structure  as  a  result 
of  infection. 

"We  were  able  to  show  that 
throughout  the  intracellular  matu- 
ration of  the  parasite,  the  struc- 
tures of  the  two  halves  of  the  red 
cell  membrane  were  not  equally 
disrupted  by  infection,"  says  Dr. 
Taraschi,  who  was  assistant  pro- 
fessor of  pathology  at  Hahne- 
mann at  the  time  of  this  initial 
study. 

Red  cell  membranes  are 
characterized  by  a  bilayer  in 
which  there  is  an  asymmetrical 
arrangement  of  phospholipids.  In 
the  future  the  researchers  will 
focus  on  changes  in  the  mem- 
brane's phospholipid  structure  at 
the  time  of  actual  invasion.  "We 
hope  that  if  we  can  understand 
what  changes  in  the  red  cell  al- 
low the  parasite  to  penetrate  into 
it,  then  we  might  devise  certain 
methodologies  to  block  inva- 
sion," Dr.  Taraschi  says. 

In  their  recent  study  the  Penn- 
sylvania researchers  used  red 
cells  infected  with  Plasmodium 
falciparum  and  employed  elec- 
tron spin  resonance  (ESR)  spec- 
troscopy to  measure  phospholi- 
pid structural  changes.  The  spin 
labels  used  were  specific  to  indi- 
vidual phospholipid  components 
of  the  membrane,  each  label  re- 
sembling its  native  counterpart  in 
chemical      structure,      phys- 


lochemical  behavior,  and  asym- 
metric distribution  within  the 
membrane.  "The  fatty  acid  probe 
that's  normally  used  is  not  spe- 
cific. It  goes  to  all  regions  of  the 
membrane  and  gives  information 
about  the  bulk  properties,'  Dr. 
Taraschi  says.  "With  the  phos- 
pholipid probes  we  are  able  to 
look  at  the  effects  of  the  infection 

A  stable  red  cell  membrane 
has  an  outer  layer  consisting 
mainly  of  the  phospholipids  satu- 
rated phosphatidylcholine  and 
sphingomyelin  and  is  thought  to 
be  more  ordered  in  its  chemical 
structure.  "Phospholipid  chains 
that  are  ordered  are  very  rigid 
and  very  straight.  There  are  not 
many  bends  or  kinks  in  them,' 
Dr.  Taraschi  says.  That  the  outer 
layer  is  rigid  is  consistent  with  the 
membranes'  structural  function 
as  a  protective  barrier  to  the  ex- 
ternal surroundings.  By  contrast. 
the  inner  layer  of  the  membrane 
is  made  mostly  of  unsaturated 
phosphatidylethanolamine  and 
phosphatidylsenne  and  is 
thought  to  have  a  more  chemi- 
cally disordered  or  mobile  struc- 
ture. "With  disorder  you  get  kinks 
in  the  fatty  acid  hydrocarbon 
chains.  The  chains  become 
shorter  and  then  the  area  oc- 
cupied by  the  lipid  becomes  big- 
ger because  the  chains  stick  out 
to  the  sides."  In  their  recent 
study  with  intact  biological  mem- 
branes, the  Pennsylvania  re- 
searchers provided  confirmatory 
evidence  for  these  chemical 
qualities  of  the  membrane  lipids. 

Currently  Dr.  Taraschi  and  his 
colleagues  are  pursuing  ESR 
studies  to  determine  and  quanti- 
tate  the  changes  in  lipid  asym- 
metry occurring  throughout  intra- 
cellular maturation  of  the 
parasite. 


Additional  reading: 
1    Taraschi.  T.  F..  Parashar   A 
Hooks.  M.,  and  Rubin.  H..  Pertur- 
bation of  red  cell  membrane 
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P.  C.,  and  De  Gier,  J.,  The  occur- 
rence of  lipidic  particles  in  lipid 
bilayers  as  seen  by  31P  NMR  and 
freeze-fracture  electron  micros- 
copy. Biochimica  et  Biophysica 
Acta  555:200-209,  1979. 
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Lipid  polymorphism  and  the 
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For  Additional  Information: 

To  locate  information  or 
professional  contacts  on  this 
effort,  contact: 

Research  Resources 
Information  Center, 
1601  Research  Blvd., 
Rockville,  MD  20850 
(301 )  984-2870 

Refer  to  item  XI,  No.  6/TN 


( 


Dr.  Taraschi's  work  with  ESR  measurements  of  phospholipid  asym- 
metry was  funded  in  part  by  the  NIH  Division  of  Research  Resources' 
Biomedical  Research  Support  Program  and  by  the  Measey  Founda- 
tion. The  work  describing  junctional  intramembrane  particles  was 
supported  by  the  National  Institute  of  Allergy  and  Infectious  Diseases, 
the  U.S.  Army  Research  and  Development  Command,  and  the  World 
Health  Organization. 


A  Plasmodium  merozoite  (from 
/eft,  moving  clockwise)  first 
binds  to  the  surface  of  the  red 
cell  membrane  and  then 
attaches  to  a  specific  receptor. 
The  red  cell  invaginates  and 
eventually  encloses  the  invading 
merozoite,  which  is  sealed 
within  a  vacuole.  During  its 
lifecycle  in  the  red  cell,  the 
malarial  parasite  undergoes  a 
series  of  shape  changes.  Dr. 
Taraschi  suggests  that  the 
merozoite 's  binding  to  the 
receptor  triggers  transient 
alterations  in  the  lipids  that  make 
up  the  red  cell  membrane. 
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W  National  Oceanic  and  Atmospheric  Administration 

National  Ocean  Service 

Office  of  Oceanography  and  Marine  Assessment 


NOAA's  Gulf  of  Mexico  Strategic  Assessment  Data 
Atlas 

This  newly  available  publication  provides  in-depth  coverage  of  the 
scientific  and  economic  characteristics  of  the  Gulf  of  Mexico,  and  offers  a 
broad  spectrum  of  professional  users  new  possibilities  for  offshore  oil  and 
gas  exploration,  the  location  of  sites  for  ocean  dumping  or  incineration  at  sea, 
the  designation  of  marine  sanctuaries,  and  other  facets  of  resource  planning. 
It  will  be  of  value  to  marine  biologists,  geologists,  oil  explorers,  fishermen, 
environmentalists,  state  and  local  government  planners,  and  others. 

The  atlas  is  primarily  made  up  of  161  detailed  maps  that  present  the  first 
systematic  overview  of  the  Gulf's  coastal  and  oceanic  resources,  their  uses, 
economic  potential,  and  other  related  characteristics.  The  six  sections  that 
make  up  the  atlas  contain  the  following: 

15  maps  of  the  physical  environment 

o  sediments 

o  shoreline  characteristics 

o  temperatures,  winds,  and  currents 

71  maps  of  individual  marine  species  data 

o  marine  invertebrates 

o  fishes,  reptiles,  and  mammals 

o  locations  of  spawning  and  nursery  areas 

32  maps  of  environmental  guality 

o  freshwater  use 

o  pollutant  generation 

o  pollutant  discharge 

31  maps  of  coastal  &  offshore  economic  activity 

o  petroleum  refineries 

o  wastewater  treatment  plants 

o  pulp  and  paper  mills 

7  maps  of  jurisdictions  and  boundaries 

o  boundaries  of  maritime  zones 

o  state  coastal  management  programs 

o  Federal,  state,  and  private  protected  areas 
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5  maps  of  the  biotic  environment 

o  forested  and  nonf ores ted  wetlands 

o  seagrasses 

o  benthic  algae  t  . 

The  maps  cover  all  630,000  square  miles  of  the  Gulf  of  Mexico,  including 
the  Mexican  coastal  area  and  the  U.S.  Exclusive  Economic  Zone.  Each  of  the  six 
sections  provides  a  brief  introduction  to  the  maps,  a  table  of  contents,  and  a 
list  of  references.  A  looseleaf  binding  makes  for  easy  removal  of  the  maps. 

The  Gulf  of  Mexico  Strategic  Assessment  Data  Atlas  is  the  second  in  a 
series  of  four  atlases  being  developed  by  the  National  Oceanic  and  Atmospheric 
Administration.  Future  atlases  will  contain  maps  of  the  Bering,  Chukchi,  and 
Beaufort  Seas,  and  the  West  Coast  of  North  America  strategic  assessment  regions. 

Additional  information  on  the  atlas  is  available  from  NCAA,  ORTA,  Suitland 
Professional  Center  (SPC),  Room  307,  Washington,  D.C.  20233.  Telephone 
(301)  763-4240. 


I 


Federal 
Technology 

Department  of  the  Interior  Resource 

Marine  Minerals  Computerized  Data  Base  and 
Bibliography 

Because  of  increased  interest  in  marine  mineral  resources  and  the  en- 
vironmental conditions  affected  by  their  recovery,  a  growing  computer- 
ized marine  minerals  bibliography  and  geochemical  data  base  has  been 
developed  by  the  National  Geophysical  Data  Center  (NGDC)  in  cooper- 
ation with  the  Ocean  Minerals  and  Energy  Division  of  the  National 
Ocean  Service  (NOS),  and  the  Minerals  Management  Service  (MMS). 

The  Marine  Minerals  bibliography  includes  references  to  published  and 
unpublished  sources  of  information  on  present-day  marine  deposits  of 
manganese  nodules  and  crusts,  polymetallic  and  massive  sulfides,  phos- 
phorites, and  placers/heavy  minerals. 

Compilation  of  the  bibliography  began  in  April  of   1983.     As  of  February 
1987,  the  file  contains  information  on  over   10,700  works  relating  to  man- 
ganese,  sulfides,  phosphorites,  and  placers.     Citations  include  books, 
journal  articles,  workshop  proceedings,  abstracts,   laboratory  reports,   theses, 
and  any  other  type  of  reference  encountered.     In  building  the  bibliography, 
all  available  resources  were  used  including  previous  and  current  computer- 

•  ized  and  non-computerized  bibliographies  compiled  by  other  U.S.  and  for- 

eign sources.     Current  researchers  in  the  field  of  marine  minerals  are  be- 
ing asked  continually  for  copies  of  recent  works,  and  the  list  of  references 
at  the  back  of  each  article  or  book  received    is  reviewed  for  further  sources 
of  information.     A  computerized  mailing  list  of  contacts  for  marine  min- 
erals information  is  updated  constantly  to  help  locate  new  sources  of  data 
and  to  inform  the  scientific  community  about  services  available  through 
NGDC. 

Computer  listings  of  bibliographic  references  are  available  on  request; 
listings  are  also  available  on  microfiche.     Citations  may  also  be  distri- 
buted on  magnetic  tapes  generated  to  user  specifications.     Exchange  of 
bibliographic  information  is  encouraged. 

The  Marine  Minerals  Data  base  contains  geochemical  analyses  of  mangan- 
ese, nodules,  crusts,  and  hydrothermally  Mn-enriched  sediments  from  over 
5,200  locations  as  of  February  1987  (see  figs.  3-5).  Over  146,000  elemental 
and  oxide  analyses  of  nearly  12,000  samples  are  included.  The  data  con- 
tains a  complete  copy  of  the  historic  Scripps  Institution  of  Oceanography 
Manganese  Nodule  Analysis  file. 

The  marine  minerals  data  base  will  contain  similar  types  of  information 
for  marine  placers/heavy  minerals,  polymetallic  and  massive  sulfides,   and 
phosphorites  in  the  future. 

Entries  contain  complete  documentation  as  to  station  information  geo- 

•  graphic  location,  and  analytical  procedures  where  available.     Most  analyses 

also  have  a  brief  lithologic  description  of  surrounding  surface  sediment 
and  sample  morphology.     Bibliographic  references  are  provided  where  ap- 
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plicable.     Weight  percentages  of  major  elements  or  oxides  are  included 
for  every  sample,  and  -trace  element  analyses  are  also  available  for  some 
samples. 

FOR  ADDITIONAL  INFORMATION:     Contact  * 

National  Geophysical  Data  Center 

NOAA  E/GC  3  Code  291 

325  Broadway 

Boulder,  CO     80303 

(303)  497-6339 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


No.  278 

Application  of  Fixed-Bed  Gasification  to  Low-Rank 
Coals 


Objective 

Demonstrate  the  technical 
feasibility  of  using  nontradi- 
tional,  low-rank,  coal-based 
fuels  and  new  coal-based 
technologies  for  mineral  and 
metallurgical  applications. 

Approach 

A  cooperative  research  effort 
was  initiated  between  the 
Bureau  of  Mines,  U.S.  Depart- 
ment of  Energy  and  the 
minerals  industry  to  extend 


Gas  Off    fake 


the  application  of  the  fixed- 
bed  gasification  process  to 
low-rank  Western  coals.  The 
research  effort  enabled  co- 
operators  to  gain  operating 
experience  in  the  use  of  hot, 
raw  producer  gas  for  iron  ore 
pellet  induration  and  other 
high-temperature  mineral 
processes.  Researchers  were 
able  to  gather  data  regarding 
the  fundamental  engineering 
aspects  of  the  fixed-bed  proc- 
ess and  gas  cleanup  for  a 
wide  range  of  solid  fuel  prop- 
erties. 


Agitator 


Applying     Fixed 
Gasification 


Bed 


ZONES 

1  DRYING 
6  PREHEAT 
5  DISTILLATION 
4   SECONDARY  REDUCTION 

i  PRIMARY  REDUCTION 

2  COMBUSTION 
t    ASH 


Flow  diagram  describes  the  Bureau's  fixed-bed  gasifier  and  its  func- 
tions. 


As  a  prerequisite  to  gathering 
the  data  needed  for  the 
study,  the  Bureau  of  Mines 
designed  and  installed,  at 
one  of  its  laboratories,  a 
6.5-ft-diam.  single  stage, 
fixed-bed,  air-blown  atmos- 
pheric pressure  gasifier.  The 
gasifier  was  coupled  with  a 
hot,  raw  gas  combustion 
system  and  iron  ore  pellet  in- 
duration kiln.  The  gasifier  is 
rated  at  1.5  ton/h  capacity  of 
bituminous  coal. 

During  the  research,  coal 
was  choke  fed  from  an  over- 
head lock  hopper  down  two- 
in-diam  feed  pipes  into  the 
retort.  As  the  coal  descended 
the  grate,  it  was  dried, 
devolatilized,  gasified,  and 
finally  the  char  residue  was 
burned,  leaving  an  ash  layer 
on  the  grate.  Ash  was  re- 
moved through  an  eccentric 
step-type  grate  as  a  moist, 
granular  solid.  The  steam-air 
ratio  was  maintained  by  sat- 
urating the  air  as  it  passed 
over  the  surface  of  the  retort 
jacket  cooling  water,  (see 
figure  1).  Alternatively,  import 
steam  may  be  used  for  this 
portion  of  the  process.  The 
gasifier  included  a  water- 
cooled  agitator  for  breaking 
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agglomerates  and/or  bed 
leveling. 

Study  Results 

The  study  showed  that  fixed- 
bed  gasification  of  low-rank 
coals  does  have  application 
in  small-  to  medium-scale  in- 
dustrial installations,  espe- 
cially those  sensitive  to  fuel 
price/supply  changes.  Fixed- 
bed  gasification  permits  us- 
ing coal  as  a  substitute  for 
natural  gas  or  oil  in  cases 
where  direct  coal  firing  is  not 
feasible  due  to  coal  ash  con- 
tamination of  the  process  or 
where  multiple  small  burners 
are  dispersed  throughout  a 
plant. 

The  research  conducted  in 
this  study  provided  data 
necessary  for  users  or 
engineering  firms  to  make  in- 
formed decisions  on  the  ap- 
plication of  fixed-bed 
gasification.  Use  of  the  data 
will  also  help  to  reduce  the 
financial  risk  associated  with 
fixed-bed  gasification  tech- 
nology. 

Tests  were  conducted  us- 
ing the  Bureau's  gasifier  on 
21  different  fuels  for  a  total 
6,900  hours  of  operation.  The 
fuels  ranged  from  peat  to 
coke,  including  Refuse  De- 
rived Fuel.  This  allowed  for 
the  evaluation  of  gasifier 
operations  and  basic  ther- 
mochemical  and  physical 
response  characteristics  of 
the  fixed-bed  gasifier  as  a 
function  of  fuel  properties. 
Detailed  records  of  each  test 
were  obtained,  including 
operating  data,  gas  analysis, 
and  material  energy  bal- 
ances. Tar  production,  dust 
carryover,  dust  size  analyses, 
temperature     and     pressure 


BUREAU  OF  MINES  CONTRACT  REPORT  NO.  HO222001 
BLACK,  SIVALLS,  AND  BRYSON,  INCORPORATED 
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NTIS  NO. 

1,  PROGRAM  AND  FACILITY  DESCRIPTION  DE-86-01 0-834,  *pr 

2,  GASIFICATION  OF  JETSON  BITUMINOUS  COAL  DE-86-01 0-833,  pr 

3,  GASIFICATION  OF  ROSEBUD  SUBBITUMINOUS  COAL  DE-86-010-832,  pr 

4,  GASIFICATION  OF  LEUCITE  HILLS  SUBBITUMINOUS  COAL  DE-86-010-831,  pr 

5,  GASIFICATION  OF  STAHLMAN  STOKER  BITUMINOUS  COAL  DE-86-010-830,  pr 

6,  GASIFICATION  OF  DELAYED  PETROLEUM  COKE  DE-86-010-829,  pr 

7,  GASIFICATION  OF  PINEY  TIPPLE  BITUMINOUS  COAL  DE-86-01 0-828,  pr 

8,  GASIFICATION  OF  RIVER  KING  ILL.  NO.  6  BITUMINOUS  COAL  DE-86-010-827,  pr 

9,  GASIFICATION  OF  ELKHORN  BITUMINOUS  COAL  DE-86-010-826,  pr 

10,  GASIFICATION  OF  BENTON  LIGNITE  DE-86-010-825,  pr 

11,  GASIFICATION  OF  MINNESOTA  PEAT  DE-86-01 0-824,  pr 

12,  GASIFICATION  OF  ABSALOKA/ROBtNSON  SUBBITUMINOUS 

COAL  DE-86-01 0-823,  pr 

13,  GASIFICATION  OF  BLIND  CANYON  BITUMINOUS  COAL  DE-86-010-822,  pr 

14,  GASIFICATION  OF  KEMMERER  SUBBITUMINOUS  COAL  DE-86-01 0-821,  pr 

15,  GASIFICATION  OF  "FRESH"  ROSEBUD  SUBBITUMINOUS  COAL  DE-86-01 0-820,  pr 

16,  GASIFICATION  OF  2-INCH  MINNESOTA  PEAT  SODS  DE-86-010-819,  pr 

17,  GASIFICATION  AND  LIQUIDS  RECOVERY  OF  FOUR  U.S.  COALS  DE-86-010-818,  pr 

18,  PROGRAM  DATA  SUMMARY  AND  CORRELATIONS  DE-86-010-817,  pr 

19,  EXECUTIVE  SUMMARY  DE-86-010-816,  pr 


$18.95 
$24.95 
$30.95 
$24.95 
$18.95 
$24.95 
$18.95 
$24.95 
$36.95 
$18.95 
$18.95 

$24.95 
$24.95 
$18.95 
$18.95 
$18.95 
$24.95 
$13.95 
$11.95 


PARTIAL  LISTING  OF  ADDITIONAL  INFORMATION 
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Dynecology,  Inc.  Simplex  Gasification  in  the  Wellman-Galusha  Gasifier 
(contract  J0205070).  BuMines  Final  Contract  Report.  June  30,  1982. 

Zahl,  R.  K.  MIFGa  Gasification  Program.  Proceedings  of  the  Fifth  Annual 
Gasification  Projects  Contracts  Meeting,  U.S.  Dept.  of  Energy,  June  1985. 
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List  of  contract  final  reports  resulting  from  the  fixed-bed  gasification 
research. 


profiles  of  the  bed,  ash 
characteristics,  and  chem- 
ical makeup  of  all  material 
process  streams  were 
measured.  A  reliable  raw  gas 
cleanup  scheme  also  was 
developed  using  the  data  col- 
lected during  the  tests. 

For  More  Information 

Detailed  test  data  resulting 
from  the  fixed-bed  gasifica- 
tion study  are  available  in 
several  Bureau  of  Mines  con- 
tract final  reports  (listed 
below).  For  a  copy  of  these 
reports,  write  to  the  National 
Technical    Information    Serv- 


ice (NTIS),  5285  Port  Royal 
Road,  Springfield,  VA  22151 
and  specify  the  NTIS  or  DE 
number.  NTIS  will  charge  a 
fee  for  each  report  ordered. 
Technical  questions  about 
this  research  may  be  ad- 
dressed to  the  Bureau's  prin- 
cipal researchers: 

Mr.  John  C.  Nigro 
Robert  K.  Zahl 
Bureau  of  Mines 
Twin     Cities     Research 

Center 
5629  Minnehaha  Avenue, 

South 
Minneapolis,  MN  55417 
Telephone:  612/725-4500 
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National  Environmental  Satellite,  Data,  and  Information  Service 
National  Climatic  Data  Center 


Climate  Data  on  Floppy  Disks 

The  National  Climatic  Data  Center  (NCDC)  offers  climatic  data  on  floppy 
diskettes  for  use  on  most  Personal  Computers  (PCs).  The  diskettes  contain  data 
from  NCDC's  most  popular  data  sets  and  are  available  at  a  cost  of  $20  to  $45  per 
diskette  (plus  $11  service  and  handling  fee  per  order). 

Some  of  the  features  offered  are: 

-  Over  130  different  PC  formats,  including  IBM-PC,  Radio  Shack,  Zenith, 
and  many  more.  No  Apple  or  Commodore  formats  available. 

-  5  1/4  and  8  inch  diskettes  (soft-sectored  only). 

-  Recording  modes  of  SS/SD,  SS/DD,  DS/SD  and  DS/DD. 

-  Data  files  recorded  in  a  BASIC  seguential  format  (importable  into 
spreadsheet  format  for  LOTUS)  or  as  copies  of  magnetic  tape  records. 

-  Diskettes  for  CP/M,  MS-DOS,  CDOS,  TURBODOS,  N/STAR,  and  MUSE  operating 
systems. 

Popular  data  sets  available  in  diskette  format: 

o  Comparative  Climatic  Data 

o  Access  Energy  Analysis 

o  Historical  Heating  and  Cooling  Degree  Day  Data 

o  Daily  Temperatures,  Precipitation,  and  Degree  Days  for  First  Order 

National  Weather  Service  Stations 

o  Summary  of  Daily  Cooperative  Observer  Data 

o  Summary  of  Monthly  Cooperative  Observer  Data 

o  Hourly  Precipitation  Data 

o  Tropical  Cyclone  (Storm)  Tracks,  North  Atlantic  Ocean 

o  Tropical  Cyclone  (Storm)  Tracks,  Eastern  North  Pacific  Ocean 

o  Test  Reference  Year 

o  Typical  Meteorological  Year 

o  Surface  Hourly  Airway  Observations 

o  Mixing  Height 

o  STAR  (Stability  Array)  Tabulations 

If  data  sets  are  not  listed,  some  research  may  be  required  to  determine 

the  recording  format  and  recording  information.   If  reformatting  of  the  input 

record  is  necessary,  software  development  requiring  additional  costs  will  be 
involved. 

Additional  information  on  the  diskettes  is  available  from  NOAA  ORTA, 
Suitland  Professional  Center  (SPC),  Roam  307,  Washington,  DC  20233. 
Telephone:  ORTA-  (301)  763-4240,  or  NCDC  -  (704)  259-0682. 
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Department  of  the  Interior 


Computer 
Software 


Natural  Resource  Damage  Assessment  Model  for  Coastal  and 
Marine  Environments  (NRDAM/CME) 


( 


The  Natural  Resource  Damage  Assessment 
Model  for  Coastal  and  Marine  Environments 
(NRDAM/CME)  is  a  microcomputer  program. 
It  is  composed  of  integrated  physical  fates, 
biological  effects,  and  economic  data  and 
provides  an  analytical  framework  that  can  be 
used  to  carry  out  a  Type  A  simplified 
assessment  of  damages  to  natural  resources 
in  the  coastal  and  marine  environments. 
This  assessment  is  that  which  is  provided  for 
under  the  Comprehensive  Environmental 
Response,  Compensation,  and  Liability  Act 
of  1980(CERCLA),  . 

The  program  was  written  for  implementation 
on  an  IBM-PC  or  compatible  using  DOS  2.1 
or  higher  operating  system.  The  program 
requires  INTEL  8087  math  coprocessor  chip; 
1  floppy  disk  drive  and  1  hard  disk  drive  or  2 


floppy  disk  drives;  and  at  least  320K  bytes  of 
RAM. 

For  Additional  Information: 

For  information  about  ordering  this  software, 
contact  the 

NTIS  Computer  Products  Center,  NTIS, 
5285  Port  Royal  Road,  Springfield,  VA 
22161;  (703)  487-4763. 

Refer  to  PB87-142485/NAC 

Price:  $125 

The  software  is  contained  on  5  1/4-inch 
diskettes,  double  sided,  double  density 
compatible  with  the  IBM  PC  microcomputer. 
Diskettes  are  in  the  ASCII  format.  Price  in- 
cludes a  two  volume  documentation. 
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National  Aeronautics  and 
Space  Administration 


Ultraviolet  Measurements 
of  the  Sun 

A  wealth  of  experimentation 
with  a  spaceborne  spectro- 
scopic and  polarimetric  in- 
strument is  described. 


A  compendium  of  papers  and  ab- 
stracts presents  early  experience  with 
the  ultraviolet  spectrometer  and  polari- 
meter  on  the  Solar  Maximum  Mission 
spacecraft.  The  instrument  consists 
primarily  of  a  telescope,  spectrometer, 
polarimeter,  and  associated  electronics. 
An  onboard  computer  controls  the  ac- 
quisition of  spectroheliograms,  velocity 
measurements,  spectral  scans,  and 
polarimetric  data. 

The  instrument  is  intended  to  investi- 
gate extreme  ultraviolet  radiation  from 
active  regions,  sunspots,  flares,  pro- 
minences, and  the  corona  of  the  Sun. 
With  it,  the  line-of-sight  component  of  the 


magnetic  field  of  the  Sun  was  observed 
for  the  first  time  by  means  of  the  Zeeman 
effect  in  the  transition  region  above  a 
sunspot.  The  observation  was  made  pos- 
sible by  the  ability  of  the  instrument  to 
measure  polarization  in  the  ultraviolet 
spectrum  —  a  novel  feature  for  a  space- 
craft instrument. 

The  spectral  lines  of  flares  were  also 
observed.  These  observations  made  it 
possible  to  study  the  evolution,  in  space 
and  time,  of  spectral-line  intensities,  den- 
sities, and  mass  motions  in  the  preflare 
and  flare-transition-zone  plasmas. 

Other  observations  include  the  follow- 
ing: 


•  Impulsive  and  gradual  phases  of  a  solar- 
limb  flare, 

•Transition-region  oscillations  in  sun- 
spots,  and 

•  Flows  around  large  sunspots  and  large 
sunspot  umbrae. 

This  work  was  done  by  W.  Heme  of 
Teledyne  Brown  Engineering  and  W.J. 
Wagner  of  the  National  Center  for  Atmos- 
pheric Research  for  Marshall  Space 
Flight  Center.  "Solar  Maximum  Ultravio- 
let Spectroscopy  and  Polarimetry, " 
MFS-25909  /77V 
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Technology  Application 


National  Laser  Users  Facility 


The  facility  is  available  for  user  experi- 
ments in  high-energy-density  physics 
and  associated  applications.   Intensi- 
ties as  high  as  10  to  the  1 7th  W/sq  cm 
can  be  created  by  focusing  intense 
beams  of  laser  light  to  a  diameter  as 
small  as  0.0001  cm.  Extreme  physical 
conditions  can  be  generated  in  this 
environment,  including  temperatures 
of  10  million  deg  K,  pressures  of  100 
million  atmospheres,  and  densities  of 
10  g/cu  cm.  Solid  materials  irradiated 
by  laser  beams  of  this  intensity  are 
transformed  rapidly  into  a  plasma, 
providing  the  necessary  conditions  for 
studies  of  thermonuclear  fusion,  shock 
waves,  laboratory  astrophysics, 
fundamental  physics  of  matter  at  high 
density,  x-ray  lasers,  and  spectroscopy 
of  highly  ionized  atoms. 

The  24-beam  OMEGA  laser  system,  a 
multi-kilojoule  laser  with  operating 
wavelengths  of  1054  and  351  nm,  is 
the  main  source  of  high-power  ir- 
radiation available  to  users.  Also 
available  is  the  single-beam  glass  de- 


velopment laser  which  operates  at 
wavelengths  of  1054  and  351  nm  with 
an  energy  output  of  200  J.  Each  of 
these  systems  has  an  experimental 
chamber  equipped  with  diagnostics 
that  are  available  to  users. 

The  U.S.  Department  of  Energy  funds 
the  operation  of  the  National  Laser 
Users  Facility,  thus  making  it  possible 
for  researchers  to  conduct  experiments 
without  direct  charge.  In  addition,  the 
Department  of  Energy  provides  re- 
search funds  directly  to  users  for 
experiments  in  laser  fusion,  plasma 
physics,  x-ray  laser  studies,  and  asso- 
ciated applications. 

For  Additional  Information,  contact: 

National  Laser  Users  Facility, 
Laboratory  for  Laser  Energetics,  U.S. 
Department  of  Energy,  University  of 
Rochester,  250  East  River  Road, 
Rochester,  NY  14623.  Contact:  Dr. 
James  Knauer  (716)  275-2074. 


NTIS  Tech  Notes    November  1987 


1128 


NBS   technology   update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 


Gaithersburg,  MP  20899 


( 


First  Energy  Gap  Measurements  on  Superconducting  Materi- 
als 


Using  a  recently  developed  break  junction 
technique,  NBS  researchers  have  made 
the  first  electron  tunneling  measure- 
ments of  the  energy  gap  in  one  of  the  new 
superconductor  materials  with  relatively 
high  critical  temperatures  (Tc).  The  ma- 
terial was  lanthanum- strontium  copper 
oxide,  wh:ch  becomes  superconducting  at 
36  K,  and  is  similar  to  other  materials 
recently  discovered  with  Tcs  as  high  as  98 
K.  The  energy  gap  in  La-Sr-Cu-04  was 
found  to  be  7.0  meV.  This  measurement 
provided  the  first  glimpse  at  the  micro- 
scopic quantum  nature  of  the  supercon- 
ductivity in  these  new  high-Tc  materials. 


Until  recently  superconductivity  was  a 
phenomenon  observed  only  at  tempera- 
tures below  about  20  K,  where  refrigera- 
tion costs  are  very  high.  Several  materi- 
als have  now  been  discovered  with  Tcs  up 
to  five  times  as  high,  allowing  the  substi- 
tution of  liquid  nitrogen  (at  77  K)  for  he- 
lium as  a  refrigerant,  lowering  costs  by  a 
huge  factor. 

For  Additional  Information: 

An  article  by  J.M.  Moreland  and  A.F. 
Clark  of  NBS  appears  in  the  May  1987  is- 
sue of  Cryogenics. 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


OMNITAB  80 

Statistical  analysis  for  scientists 

A  revised  user's  manual  to  OMNITAB  has  been  published.     OMNITAB  is 
the  bureau's  statistical  software  package.     OMNITAB  80  was  designed 
for  "scientists  who  are  not  programmers."     It  provides  a  complete/   highly 
integrated  programming  system  that  uses  a  simple,  high-level  language  to 
perform  both  simple  and  complex  statistical  and  numerical  analyses  --   in- 
cluding matrix  analyses  —  of  experimental  data.     OMNITAB  80  includes  a 
large  library  of  tested,  reliable  routines  with  extensive  capabilities  for 
plotting  the  results.     It  was  written  to  be  largely  machine  independent  and 
can  be  run  in  either  batch  or  interactive  modes. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     PB87-172235/NAC 

Price  code:     A16 
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Goddard  Space  Flight  Center,  Greenbelt,  Maryland 


Getter  Capsules  for  Heat-Transport  Systems 

A  metal  would  absorb  hydrogen  dissolved  in  heat-transfer  fluids. 


Blockages  by  hydrogen  gas  in  refrigera- 
tors, heat  pipes,  and  other  two-phase  heat- 
transport  systems  could  be  eliminated  by 
the  use  of  degassing  metals  or  alloys 
called  getters.  The  getter  could  be  con- 
tained in  a  getter  capsule  placed  in  series 
or  in  parallel  with  the  heat-transport  loop. 
This  gas-removal  technique  would  be 
more  specific  and  more  reliable  in  solving 
the  problem  of  gas  blockage  than  older 
procedures  that  rely  on  cleanliness  or  on 
refluxing  or  purging  with  the  heat-transport 
liquid  to  prevent  the  production  of  hydro- 
gen or  to  eliminate  existing  hydrogen. 

The  hydrogen  known  to  exist  in  such 
heat-transport  fluids  as  the  chlorofluoro- 
methanes  and  anhydrous  ammonia  could 
not  be  easily  removed  using  activated 
charcoal,  palladium,  or  zeolite  —  three 
materials  commonly  used  to  absorb 
gases:  charcoal  would  absorb  ammonia 
preferentially  to  hydrogen;  hydrogen  would 
diffuse  through  palladium,  but  this  metal 


would  be  too  expensive,  absorb  hydrogen 
too  slowly,  and  be  ineffective  in  removing 
moisture  and  other  gaseous  products;  zeo- 
lites require  high  pressures  and  tempera- 
tures to  encapsulate  the  hydrogen. 

The  proposed  getter  system  would  capi- 
talize on  the  reversible  reaction  of  hydro- 
gen gas  with  a  wide  variety  of  metals  and 
alloys.  A  typical  reaction  is  the  following: 
exothermic 


LaNi5  +  3H2 


LaNi5H6 


endothermic 
Because  the  reaction  between  the  hydro- 
gen and  the  metal  or  alloy  is  exothermic, 
the  reaction  temperature  would  enable  the 
observer  to  note  the  reaction  time  and  the 
completion  of  the  reaction. 

The  gas-absorbing  metal  or  alloy  would 
be  contained  in  a  stainless  steel  or  other 
metallic  housing,  possibly  fitted  with  swage 
locks  and  valves  and  containing  metallic  or 
polymeric  seals  that  do  not  react  with  the 
heat-transport  fluid.  The  housing  would  be 


large  enough  to  accommodate  about  25 
percent  expansion  of  the  getter  substance 
during  its  lifetime  and  might  contain  filters 
to  prevent  hydride  particles  from  leaving 
the  capsule  and  entering  the  stream  of 
heat-transport  fluid.  It  would  also  have  a 
nonleaking  port  that  would  allow  the  inser- 
tion of  a  thermometer  or  thermocouple. 

The  hydgrogen  absorbed  in  the  capsule 
may  later  be  released  by  heating  to  cause 
a  controlled  blockage  of  the  heat-transport 
fluid  flow,  thus  providing  a  variable  heat 
conductance.  Also,  hydrides  may  be  used 
as  switching  mechanisms  and  as  energy 
stores.  The  housing  may  be  in  the  form  of  a 
cartridge,  a  canister,  or  other  configura- 
tion, the  overriding  factor  in  the  design  be- 
ing to  avoid  creating  a  significant  pressure 
drop. 

This  work  was  done  by  Benjamin 
Seidenberg  of  Goddard  Space  Flight 
Center.  GSC-12922/TN 
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National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Licensing 
Opportunity 


Determing  Heats  of  Combustion  of  Gaseous  Hydrocarbons 

The  enrichment-oxygen  flow  rate-ratio  is  related  to  the  heat  of  combustion. 
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Figure  1 .  The  Flow  Rates  of  the  Test  Gas  and  the  Oxygen  required  to  enrich  the  carrier  air  to  make  the  mole  fraction  of  oxygen  in  the  combus- 
tion product  gases  equal  to  that  in  the  carrier  air  are  measured  and  used  to  determine  heats  of  combustion. 


As  a  spin-off  of  an  oxygen-monitoring- 
and-control  system  developed  for  the 
Langley  8-Foot  High  Temperature  Tunnel, 
a  highly  accurate,  on-line  technique  has 
been  developed  for  determining  heats  of 
combustion  of  natural-gas  samples.  It  is 
based  on  measuring  the  ratio  m/n,  where 
m  is  the  (volumetric)  flow  rate  of  oxygen  re- 
quired to  enrich  the  carrier  air  in  which  the 
test  gas  flowing  at  the  rate  n  is  burned, 
such  that  the  mole  fraction  of  oxygen  in  the 
combustion-product  gases  equals  that  in 
the  carrier  air.  The  m/n  ratio  is  directly 
related  to  the  heats  of  combustion  of  the 
saturated  hydrocarbons  present  in  the 
natural  gas. 

During  the  development  of  the  oxygen- 
monitoring-and-control  system,  it  was 
noted  that  the  degree  of  the  required  oxy- 
gen enrichment  of  the  air  was  very  sensi- 
tively dependent  on  the  purity  of  the  com- 
bustible gas  (CH^.  The  presence  of  traces 
of  noncombustible  components  noticeably 
affected  the  amount  of  oxygen  required  to 
be  added  to  the  air  to  make  the  mole  frac- 
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Figure  2.  The  Heat  of  Combustion  of  the  test  gas  is  directly  related  to  the  ratio  of  the  flow 
rate  of  oxygen  to  that  of  the  test  gas  under  specified  test  conditions. 
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tion  of  oxygen,  X(0)2,  in  the  combustion 
product  gases  equal  to  that  in  the  standard 
air. 

The  reverse  was  also  true;  the  purity  of 
the  combustible  test  gas  could  be  inferred 
by  measuring  the  amount  of  oxygen  need- 
ed for  the  equalization  of  X(0)2.  The  con- 
cept was  further  extended  to  infer  the 
presence  of  heavier  saturated  hydrocar- 
bons in  the  combustible  test  gas  (natural 
gas)  as  well.  Since  the  heat  of  combustion 
of  natural  gas  depends  on  its  effective 
hydrocarbon  content,  the  measurement  of 
the  amount  of  oxygen  needed  for  the 
equalization  of  X(0)2  can  be  used  for  the 
direct  determination  of  the  thermal  content 
of  the  test  gas. 

The  system  used  for  measuring  m/n 
values  of  the  test  gas  is  illustrated  in 
Figure  1 .  Pure  bottled  dry  air  was  used  to 
supply  the   carrier  stream.   A  gas 


chromatograph  was  used  to  measure  the 
X(0)2  value  of  this  air.  The  Zr02-sensor  out- 
put was  first  recorded  for  the  carrier  air, 
and  then  the  combustion  products  of 
selected  hydrocarbons  in  oxygen-enriched 
air  were  directed  through  the  02-sensing 
system.  The  oxygen  flow  rate,  m,  was  ad- 
justed until  the  Zr02-sensor  output  for 
combustion  products  matched  that  for  air. 
These  measurements  were  repeated  for  a 
number  of  hydrocarbon  flow  rates,  n,  keep- 
ing the  air  flow  rate  fixed.  A  positive- 
displacement  dry  test  meter  was  used  for 
measuring  the  true  volume  flow  rate,  n,  of 
the  test  gases. 

Together  with  calibration  graphs  re- 
lating the  m/n  values  for  pure  saturated  hy- 
drocarbons to  their  heats  of  combustion,  a 
measurement  of  the  m/n  ratio  for  the  test 
gas  provides  a  direct  means  of  determina- 
tion of  its  heat  of  combustion  (see  Figure 


2).  The  accuracy  of  the  technique,  deter- 
mined solely  by  the  accuracy  with  which 
the  flow  rates  m  and  n  can  be  measured,  is 
in  the  order  of  2  percent. 

This  workt  was  done  by  Jag  J.  Singh, 
Danny  R.  Sprinkle,  and  Richard  L  Pusterof 
Langley  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TP-2531 
[N86-20753/NSP], '  'New  Method  tor  Deter- 
mining Heats  of  Combustion  of  Gaseous 
Hydrocarbons." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia   22161. [AQ2] 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Langley 
Research  Center  Refer  to  LAR-13528  /TN 
Langley  Research  Center 
Technology  Utilization  Officer: 
John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  865-3281 
Patent  Counsel: 
Howard  J.  Osborn 
Mail  Code  279 
Hampton,  VA  23665 
(804)  865-3725 
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Correlation  of  Catalytic  Rates  With  Solubility  Parameters 

A  catalyst  maximizes  activity  when  its  solubility 
parameter  equals  that  of  the  reactive  species. 


The  catalytic  activities  of  some  binary 
metal  alloys  are  at  a  maximum  when  the  al- 
loy compositions  correspond  to  Hildebrand 
solubility  parameters  equal  to  those  of  the 
reactive  atomic  species  on  the  catalyst.  If 
this  suggestive  correlation  proves  to  be 
general,  it  could  be  applied  to  the  formula- 
tion of  other  mixed-metal  catalysts.  It  also 
could  be  used  to  identify  the  reactive 
species  in  certain  catalytic  reactions. 

For  elements,  the  Hildebrand  solubility 
parameter,  6,  is  given  by 

6  =  (|E|/V),/2 
where  E  is  the  molar  cohesive  energy  of 
the  pure  element  and  V  is  its  molar  volume. 
Derived  from  the  theory  of  "regular"  solu- 
tions, the  solubility  parameter  of  a  mixed 
metal  catalyst,  dm,  is  given  by 

dm  =  +1  di  +  4>2  d2 
where  ^  and  <t>2  represent  the  volume 
fractions  of  metals  1  and  2,  respectively, 
and  d,  and  d2  represent  the  corresponding 
Hildebrand  solubility  parameters  for  the 
pure  metals. 

As  seen  in  the  figure,  the  hydrogenation 
of  nitrobenzene  and  nitroaniline  on  an 
Ru/Pt  catalyst  is  most  rapid  when  the 
catalyst  composition  is  0.25-mole  fraction 
Ru  and  0.75-mole  fraction  Ft  Because  the 
molar  volumes  of  Ru  and  Ft  are  8.29  cm3/ 
mole  and  9.09  cm3/mole,  respectively, 
one  mole  of  this  alloy  contains  2.07  cm3 
Ru  (i.e.,  0.25  mole  Ru  x  8.29  cm3/mole 
Ru)  and  6.82  cm3  Ft  (i.e.,  0.75  mole  Ft 
x  9.09  cm3/mole  Ft).  Consequently,  the 
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The  Hydrogenation  of  Nitrobenzene  and 
Nitroaniline  occurs  most  rapidly  when  the 
composition  of  the  Ru/Pt  catalyst  is  about 
25  percent  Ru  and  75  percent  Pt.  The  calcu- 
lated solubility  parameter  of  this  alloy  is 
close  to  that  of  atomic  hydrogen. 

volume  fraction  of  Ru  equals  2.07/(2.07 
+  6.82)  =  0.233,  and  the  volume  fraction 
of  Ft  equals  6.82/(2.07  +  6.82)  =  0.767. 
The  Hildebrand  solubility  parameter  for 
Ru  is  136.38  (cal/cm3)'72  and  that  of  Ft  is 
121.86  (cal/cm3),/2.  Using  these  volume 
fractions  and  solubility  parameters  in  the 
equation  for  <j>m,  the  Hildebrand  solubility 
parameter  for  the  alloy  is  given  by 


6  =  (0.23  X  136.38) 

+  (0.77  x  121.86) 

=  125.20  (cal/cm3),/2 
This  is  close  to  the  Hildebrand  solubility 
parameter  for  atomic  hydrogen,  6H 
=  124.2  (cal/cm3)'72. 

In  the  cases  of  the  catalytic  hydro- 
genations  of  nitrobenzene  on  Ir/Pt,  of 
methyl  ethyl  ketone  on  Pd/Ru,  and  of  an 
aromatic  ether  on  Rh/Pt,  the  alloys  that 
yield  the  maximum  hydrogenation  rates 
are  those  with  solubility  parameters  of 
123.6, 126.0,  and  123.8  (cal/cm3)'72  respec- 
tively, again  in  close  agreement  with  6H. 

The  agreement  of  6H  with  6m  suggests 
that  a  catalyst  solubilizes  key  reactive  con- 
stituents on  its  solid  surface,  the  resulting 
catalyst/reactant  complex  being  a  solid  so- 
lution, and  hence  falling  into  the  domain  of 
"regular"  solution  theory.  Presumably  the 
concentration  of  the  reactive  species  on 
the  catalyst  is  greatest  when  the  solubility 
parameter  of  the  catalyst  equals  that  of  the 
reactant. 

The  solubility  parameter  for  the  Ag/Au 
alloy  that  yields  the  maximum  oxidation 
rate  for  ethylene  is  close  to  that  of  atomic 
oxygen.  This  suggests  that  atomic  oxygen 
might  be  the  active  species  in  this  oxida- 
tion, contrary  to  the  current  theory  that  this 
oxidation  involves  molecular  oxygen  ions. 

This  work  was  done  by  Daniel  D. 
Lawson  and  Christopher  England  of  Cal- 
tech  for  NASA's  Jet  Propulsion  Labora- 
tory. NPO-16613  /77V 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Computer 

US  Army  Fact  Sheet  Software 


Analysis  of  Droplet  Size  Distribution  in  Insecticide 
Sprays 

A  microcomputer  program  in  Basic  has  been  written 

A  basic  program  for  analysis  of  droplet  size  distribution  in  insecticide  sprays 
was  recently  published  by  Cpt.  L.M.  Boobar  et  al.     Personal  computers  provide 
us  with  an  opportunity  to  increase  our  knowledge  of  insecticide  sprays.     The 
development  of  the  US  Army  hot-wire  droplet  measuring  device,  model  DC-2A, 
has  produced  a  requirement  for  a  program  to  calculate  droplet  size  distribution 
and  VMD  from  the  data  displayed  by  this  device.     A  demonstration  program  was 
written  in  IBM  BASIC,  and  with  minor  syntax  changes  can  be  converted  to  other 
BASIC  dialects.     The  "VARIABLE  SECTION"  (one  of  three)  allows  the  user  to 
vary  the  descriptive  characteristics  of  the  sampling  device.     Many  of  these  char- 
acteristics (i.e.,   sensing  wire  dimensions,  number  of  bins  into  which  the  aerosol 
spectrum  is  divided,  etc.)  are  used  in  the  calculation  of  droplet  size  distribution 
and  VMD.     The  flexibility  permits  this  program  to  be  used  with  other  models  of 
hot-wire  droplet  analyzers.     The  second  section  is  called  the  "MAIN  PROGRAM," 
and  the  third  is  the  "REPORT  SECTION,"  which  is  the  printed  records  section. 
It  contains  all  necessary  record-keeping  information  plus  a  detailed  breakdown  by 
bin  of  all  important  variables. 

Hot-wire  technology  represents  a  significant  advance  in  the  methods  by  which 
aerosol  clouds  are  sampled.     Each  device  has  individual  design  and  operational 
characteristics.     This  program  allows  input  of  individual  device  characteristics 
with  the  intent  of  expanding  the  use  of  the  program  beyond  DC-2A  data.     Manu- 
facturers of  hot-wire  droplet  measuring  devices  plan  to  offer  built-in  printers 
for  their  machines,  but  the  information  provided  will  be  limited  to  raw  sample 
data  and  VMD.     Therefore,  programs  for  personal  computers  are  necessary  for 
more  detailed  analyses  of  droplet  size  distribution  data. 

FOR  ADDITIONAL  INFORMATION:     Please  refer  to  the  February  1986  issue 
of  the  Journal  of  American  Mosquito  Control  Association  for  a  listing  of  the 
Basic  Program  or  contact  the  authors  at  the  US  Army  Medical  Bioengineering 
Research  and  Development  Laboratory,  Ft.  Detrick,  MD;  (301)  663-7237. 


I 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Graph-Plotting  Routine 

A  variety  of  scales,  grids,  and 
symbols  are  available. 


A  plotter  routine  for  the  IBM  PC 
(AKPLOT)  was  designed  for  engineers  and 
scientists  who  use  graphs  as  integral  parts 
of  their  documentation.  AKPLOTallows  the 
user  to  generate  a  graph  and  edit  its  ap- 
pearance on  a  cathode-ray  tuPe.  This 
graph  may  undergo  many  interactive  alter- 
ations Pefore  it  is  finally  dumped  from  the 
screen  to  Pe  plotted  Py  a  printer. 

Features  availaPle  in  AKPLOT  include 
the  following:  multiple  curves  on  a  single 
plot;  comPinations  of  linear  and  logarith- 
mic-scale axes;  Lagrange  interpolation  of 
selected  curves;  shrink,  expand,  zoom, 


and  tilt;  10  different  symPols  and  4  different 
colors  for  curves;  and  3  different  grid 
types.  The  user  must  provide  the  data 
points  to  Pe  plotted  Py  one  of  two  methods: 
(1)  supplying  an  external  file  of  x  and  y 
values  for  all  curves  or  (2)  placing  BASIC 
code  descriPing  the  relation  between  x  and 
y  in  a  designated  section  of  the  AKPLOT 
code  and  computing  the  x,  y  vectors.  Using 
either  technique,  the  x  and  y  values  are 
given  to  the  computer  only  once,  as  the 
iterative  graph-edit  loop  bypasses  the  data- 
input  step  for  faster  execution. 
AKPLOT  is  written  in  BASIC  for  batch 


execution  and  has  been  implemented  on 
an  IBM  PC-series  computer  operating 
under  DOS.  AKPLOT  requires  an  IBM  col- 
or monitor.  This  program  was  written  in 
1986. 

This  program  was  written  by  Anil  V. 
Kantak  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.    NPO-16931  /IN 

FOR    ADDITIONAL    INFORMATION 
CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  ol  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Technology  Assessment 

Department  of  the  Air  Force 


< 


Quantitative  Luminescence  Imaging  System  (QLIS) 


The  quantitative  luminescence  imaging  system 
(QLIS)  is  composed  of  a  fiber  optic  image  guide,  a 
low-light  level  digitalizing  camera  with  image  intensi- 
fying microchannel  plates,  an  image  processor,  and 
control  computer  (Micro  Vax).  The  system  is  de- 
signed to  resolve  localized  chemiluminescent  reac- 
tions. Output  of  the  camera  is  transformed  into  lo- 
calized rate  or  cumulative  digitalized  data  or  en- 
hanced video  display  or  hard  copy  images.  The 
device  is  designed  to  monitor  simultaneous  reac- 
tions occurring  in  a  given  field  of  observation. 

STAGE  OF  DEVELOPMENT 

A  prototype  device  for  radiofrequency  radiation  re- 
search has  been  built. 

APPLICATIONS 

Thermal  and  ionizing  microdosimetry;  realtime  mea- 
surement of  luminescent  reactions  in  electromag- 
netic fields;  and  recording  many  luminescent  im- 


munoassays or  enzyme  assays  simultaneously  (tests 
for  AIDS,  chemical  toxins,  drugs,  infectious  agents, 
biological  toxins,  hormones,  etc.). 

PATENT  STATUS 

AF  Invention  17,590  U.S.  Patent  application  in 
preparation. 

FOR  FURTHER  INFORMATION  CONTACT: 

Dr.  David  N.  Erwin  or  Johnathan  L.  Kiel 

USAFSAM/RZP 

Brooks  AFB,  TX  78235-5301 

or 

Lt  Marilyn  Rucker 

USAFSAM-ORTA 

Brooks  AFB,  TX  78235-5301 
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Technology  Application 


Laboratory  gun  enhances  study  of  high-tech  materials 


A  new  gas  powered  laboratory  gun  has  given  research- 
ers at  Sandia  National  Laboratories  the  capability  to 
study  high-technology  materials  and  processes  faster 
and  more  thoroughly  than  ever  before. 

The  heavily  instrumented  stationary  gun  is  designed 
to  help  expand  the  knowledge  about  high-impact  phys- 
ics, shock  chemistry,  and  the  dynamics  of  explosions. 
Capable  of  hurling  projectiles  into  materials  at  speeds 
approaching  Mach  5  (about  3,600  mph),  the  gun  is  being 
used  as  a  research  tool  in  several  scientific  and  engineer- 
ing disciplines. 

In  one  project,  the  gun  is  being  used  to  test  casings  for 
solid-fuel  rocket  boosters  to  determine  the  best  type  of 
metal  and  the  optimum  thickness  for  protecting  the  fuel 
and  rocket  cargo  without  adding  unnecessary  weight. 

Another  project  is  looking  at  ways  in  which  a  precisely 
timed  light  beam,  initiated  by  a  high-speed  impact,  may- 
be used  as  a  reliable  timing  device  for  advanced  weapon 
systems. 

Could  lead  to  safer  explosives 

Yet  another  project  is  using  the  gun  to  study  micro- 
scopic chemical  and  physical  dynamics  that  take  place 
during  the  first  100  billionths  of  a  second  during  the 
detonation  of  explosive  materials.  The  ultimate  goal  is  to 
develop  information  that  will  lead  to  new  types  of  explo- 
sives that  are  less  sensitive  and  less  susceptible  to  acci- 
dental detonation. 

The  gun's  barrel  is  9  m  long  (nearly  30  ft),  with  an 
inside  diameter  of  63.4  mm  (about  2-1/2  in.).  Although 
the  gun  can  fire  different  types  and  weights  of  projec- 
tiles, a  standard  one  used  for  a  variety  of  experiments  is 
made  from  nylon  and  rigid  foam  and  weighs  about  200  g 
(nearly  half  a  pound). 

After  the  target  material  is  positioned  properly  in  the 
target  chamber,  the  projectile  is  placed  into  the  breech, 
which  is  then  closed,  locked,  and  charged  with  the  pro- 
pellent gas — either  nitrogen  for  low-velocity  shots  (less 
than  0.8  km  per  second)  or  helium  for  higher-velocity 
shots.  Helium  expands  faster  because  of  its  low  molecu- 
lar weight  and  requires  less  pressurization  for  a  given 
projectile  velocity. 

When  helium  is  used  at  a  maximum  pressure  of  42 
MPa  (about  6,000  psi),  a  projectile  is  pushed  to  a  speed  of 
1.61  km  per  second  soon  after  it  exits  the  barrel;  this  is 
about  a  mile  a  second  or  about  3,600  mph — approaching 
five  times  the  speed  of  sound. 

Uses  computer  controls 

The  pressurization  and  firing  sequence  is  controlled 


by  a  Hewlett  Packard  86  computer,  programmed  earlier 
with  experiment  parameters.  The  computer  also  leads 
the  operator  through  the  setup  operations,  monitors  the 
gun's  interlocks,  and  opens  and  closes  the  appropriate 
valves  to  initiate  firing. 

Soon  after  the  fired  projectile  clears  the  end  of  the 
barrel,  its  speed  is  determined  by  a  laser-based  system. 
As  the  projectile  approaches  the  target,  other  scientific 
instruments  in  the  target  chamber  begin  measuring  and 
recording  information  and  continue  to  operate  until 
impact  events  cease. 

Doug  Dugan,  senior  technical  aide  in  Sandia's  Explo- 
sive Projects  and  Diagnostics  Division,  and  Steve  Shef- 
field, a  former  Sandia  technical  staff  member,  did  much 
of  the  design,  assembly,  and  "shakedown*  tests  of  the 
gun.  Now  Dugan  maintains  and  operates  the  gun  and 
works  with  Sandia  scientists  and  engineers  to  plan  and 
conduct  various  materials  testing  programs. 

Sandia  has  used  similar  gas  guns  for  about  25  years 
and  now  has  a  total  of  four.  However,  the  new  gun  has 
features  that  make  it  easier  to  control  and  operate  and 
that  provide  for  noncontact  measurement  of  projectile 
velocity.  They  include  a  quick-acting,  quick-change 
breech;  a  remote  target  manipulating  system;  and  the 
laser-based,  projectile  velocity  measurement  system. 
These  features  combine  to  allow  one-person  operation 
and  quick  turnaround  between  firings. 

The  1.6-cm-thick  steel  walls  of  the  target  chamber 
allow  100  g  (about  a  quarter  pound)  of  explosive  to  be 
placed  inside  the  chamber  and  detonated  as  part  of  an 
experiment.  A  catch  tank  located  at  the  end  of  the 
chamber  is  filled  with  high-strength  parachute  fabric 
and  lines  recycled  from  Sandia's  parachute  design  and 
testing  program.  The  parachute  parts  absorb  the  shock 
of  the  projectile  and  target  fragments. 

Some  of  the  gun's  features  are  patterned  after  a  100- 
mm-diameter  gun  at  Washington  State  University  and 
incorporate  some  features  of  an  earlier  design  done  for 
Sandia  by  Utah  Research  and  Development  Corp. 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Dept.  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207. 

Refer  to  announcement  22,  No.  4 
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Technology  Application 


Idaho  National  Engineering  Laboratory 

Solid-state  Filter  Facilitates  "Micro  Kjeldahl"   Determinations 


The  device  is  a  solid-state  filter 
(consisting  of  boric  acid  crystals  in  a 
plastic  tube)  used  as  a  replacement  for 
the  condenser/impinger  system  normally 
used  for  Kjeldahl  nitrogen  determina- 
tions. The  ammonia  is  quantitatively 
trapped  in  the  boric  acid  which  after  dis- 
solution is  an  ideal  matrix  for  any  of  sev- 
eral "traditional"  ammonium  ion  analyt- 
ical techniques.   Its  use  saves  approxi- 
mately 1/2  man-hours  per  analysis,  and 
permits  the  use  of  standard  glassware  for 
nitrogen  analyses.    It  replaces  a  much 
larger  and  more  cumbersome  standard 
apparatus  consisting  of  a  water-cooled 
condenser  and  an  impinger  containing 
an  ammonia-trapping    solution. 


Why  is  this  better  than  existing  technol- 
ogy? Faster  nitrogen  analysis  and  less 
surface  area  of  glassware  to  adsorb  ni- 
trogen compounds  when   doing  trace- 
level  analysis. 

Stage  of  Development:  in  laboratory 
use. 

Potential  uses  and  spinoffs:   Analytical 
and  research  laboratories. 

For  Additional  Information: 

Mr.  Ron  J.  Bliss, 

Idaho  National  Engineering  Laboratory 

P.  0.  Box  4000 

Idaho  Falls,  ID  83403 

(208)526-0997 
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United  States 
Environmental  Protection 
Agency 


Environmental  Monitoring 

Systems  Laboratory 

Research  Triangle  Park  NC  2771 1 


Research  and  Development 


&EPA         Project  Summary 


A  Gravimetric  Technique  for  the  Preparation  of 
Accurate  Trace  Organic  Gas  Standards 


An  accurate  procedure  based  on 
microgravimetry  has  been  used  for  the 
preparation  of  volatile,  hazardous  or- 
ganic chemicals  in  a  nitrogen  matrix  in 
pressurized  gas  cylinders  at  analyte 
concentrations  ranging  from  1 0  ppb  to 
1 0  ppm,  by  mole.  In  this  technique,  the 
organics  of  interest  are  individually 
weighed  into  separate  glass  capillary 
tubes  using  a  microanalytical  balance. 
The  tubes  are  sealed,  and  subsequently 
broken  in  a  fixed  line  connected  to  an 
evacuated  cylinder.  A  known  weight  of 
pre-analyzed  matrix  gas  (nitrogen)  is 
then  used  to  pressurize  the  cylinder, 
and  the  concentrations  of  the  organics 
are  calculated  on  a  molar  basis  relative 
to  the  number  of  moles  of  the  matrix 
gas. 

A  number  of  these  gravimetric  primary 
mixtures  have  been  prepared  and 
analytically  intercompared  using  gas 
chromatography  (GC)  with  flame  ioniza- 
tion detection  (FID).  Excellent  agree- 
ment has  been  found  between  analyte 
concentration  values  prepared  gravi- 
metrically  and  concentration  values 
determined  by  analysis. 

This  paper  will  focus  on  a  description 
of  the  microgravimetric  technique  and 
the  analytical  system,  the  estimation  of 
specific  uncertainties  associated  with 
the  preparation  of  these  mixtures,  and 
how  these  uncertainties  are  used  to 
assign  a  net  uncertainty  to  the  final 
analyte  concentration.  Particular  atten- 
tion is  given  to  mixtures  at  the  10  to 
150  ppb  level.  A  brief  description  of 
how  the  overall  network  of  gravimetric 
primary  standards  provides  long  term, 
consistent  data  quality  for  trace  organic 
gas  mixtures  is  included. 

Discussion 

Compressed  gas  standards  of  multi- 
component  volatile  toxic  organic  com- 
pounds in  the  low  part-per-billion  (PPB) 
range  are  prepared  by  a  special  grayi- 
metric  procedure  developed  at  the  Na- 
tional Bureau  of  Standards  using  extreme 
caution.  By  this  procedure,  the  targeted 
concentrations  are  obtained  by  quantita- 
tively mixing  known  weights  of  each  of 
the  organics  with  a  known  weight  of  pure 
nitrogen  matrix  gas  in  a  new  precleaned 


aluminum  cylinder,  with  the  resulting 
concentrations  of  the  organics  expressed 
in  nanomoles/mole  (ppb)  of  the  total 
mixture. 

A  brief  description  of  the  procedure 
follows:  A  glass  capillary  tube  (approxi- 
mately 20  mm  long  by  1.6  mm  OD),  for 
which  one  end  had  been  sealed  and  the 
other  had  been  drawn  to  a  fine  open  tip, 
is  weighed  empty.  The  desired  organic  is 
drawn  into  the  tube  by  air  displacement, 
following  which  the  tube  is  centrifuged 
to  force  the  organic  liquid  to  the  sealed 
end  of  the  tube.  The  tube  is  then  sealed 
and  weighed  to  obtain  the  weight  of  the 
organic  The  tube  is  then  inserted  into  a 
teflon  sleeve  attached  to  a  tared,  evalu- 
ated aluminum  cylinder.  The  valve  of  the 
cylinder  is  slightly  opened  and  the  cap- 
illary tube  is  cracked  open  inside  the 
teflon  sleeve  and  the  organic  is  trans- 
ferred into  the  cylinder  with  mild  heating 
from  a  hot-air  gun.  This  process  is  re- 
peated for  each  organic  added  to  the 
desired  mixture,  following  which  the 
cylinder  is  pressurized  with  dry,  clean 
nitrogen  and  weighed. 

A  series  of  six  standard  five-component 
organic  mixtures  were  prepared  in  this 
manner  at  concentrations  ranging  from 
about  5-1 50  ppb  by  mole  to  ascertain  the 
linearity  of  the  overall  concentration 
range  and  the  feasibility  of  preparing  and 
analyzing  such  mixtures.  The  five  compo- 
nents are  identified  in  Table  1.  The 
standards  were  analyzed  by  gas  chro- 
matography using  a  flame-ionization 
detector  (FID),  with  the  detector  response 
plotted  vs.  gravimetric  concentration  in  a 
linear  regression  fit.  The  concentrations 
predicted  from  the  linear  regression  plot 
agreed  well  with  the  gravimetric  con- 
centrations, indicating  the  presence  of 
negligible  random  errors  in  the  prepara- 
tion of  these  standards.  The  mean  of  the 
differences  for  any  one  fit  (e.g.,  benzene) 
(Table  1)  represents  the  imprecision  of 
the  gravimetric  preparation  for  that 
organic. 

The  total  uncertainty  of  the  concentra- 
tion of  any  of  the  organics  at  the  95°o 
confidence  level  is  determined  by  two 
times  the  square  root  of  the  sums  of  the 
squares  of  the  imprecision  of  analysis 
(obtained  by  replicate  analyses)  and  the 
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imprecision  of  gravimetric  preparation. 
While  the  total  uncertainties  of  the  con- 
centrations of  the  organics  is  quite  ac- 
ceptable for  these  low  concentrations, 
the  total  uncertainties  of  the  concentra- 
tions for  the  halogenated  organics  pre- 
sent in  these  mixtures  could  be  further 
reduced  by  the  use  of  an  electron  capture 
detector  (rather  than  an  FID)  due  to  the 
markedly  greater  signal  obtainable  for 
halogonated  organics  with  this  detector. 
To  illustrate:  the  total  uncertainty  at  95% 
confidence  for  chloroform  when  analyzed 
by  FID  was  10%,  but  was  reduced  to  2% 
using  an  electron  capture  detector. 

Gravimetrically  prepared  standards  en- 
compassing more  than  30  volatile  organic 
compounds  (all  designated  by  EPA)  have 
been  prepared  under  this  program,  repre- 
senting a  systematic  network  of  over- 
lapping concentrations  ranging  from  the 
low  part-per-million  level  to  the  low-ppb 
level.  Such  standards  have  typically 
shown  excellent  long-term  stability  at 
these  low  concentrations  over  several 
years  of  reanalyses.  Stable  concentrations 


of  some  of  these  organics  have  been 
gravimetrically  prepared  to  as  low  as  one 
ppb  and  NBS-traceable  standards  have 

been  provided  to  EPA  that  contain  as 
many  as  nine  organic  compounds  in  the 
same  mixture.  Work  currently  is  under- 
way to  prepare  a  mixture  at  the  10  ppb 
level  containing  in  excess  of  15  volatile 
organic  compounds.  The  standard  output 
of  this  program  currently  serves  to  provide 
the  basis  for  data  quality  assurance  and 
traceability  of  national  ambient  air  and 
hazardous  waste  incineration  monitoring 
efforts. 


G  C  Rhodenck.  W  F  Cuthrell.  and  W  L  Zielmski  are  with  the  Manorial  Bureau 

of  Standards.  Gaithersburg.  MD  20899 
Howard  Crist  is  the  EPA  Project  Officer  Isee  below) 

The  complete  report,   entitled  "A   Gravimetric   Technique  for  the  Preparation 
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Comparison  of  Gravimetric  and  Analyzed  Concentrations 


Gravimetric 

Analyzed 

Percent 

Component 

Cylinder 

Cone,  ppb 

Cone.,  ppb 

Difference' 

Benzene 

AAL-11133 

99  9 

99.9 

0 

CAL-7493 

46  8 

46  7 

■0.2 

CAL-8746 

38  2 

39  0 

*2  1 

A  AL- 12029 

37.0 

36  3 

■1.9 

AAL-7001 

15  1 

...' 

AAL-7009 

7  6 

7  56 

-0.5 
1=           0.9 

Vinyl  chloride 

AAL-11133 

152 

152 

0 

CAL-7493 

86  0 

85  1 

■10 

CAL-8746 

b 

23  0 

AAL-12029 

24.5 

24  8 

*1  2 

AAL-7001 

20.6 

20  7 

♦0.5 

AAL-7009 

5.54 

5.54 

0 
7  =           0.5 

Chloroform 

AAL-11133 

101 

101 

0 

CAL-8746 

27.3 

28  2 

*3.3 

AAL-7001 

19.9 

199 

0 

CAL-7493 

198 

20  5 

♦3  5 

AAL- 12029 

16  1 

158 

■1.9 

AAL-7009 

4  68 

4  59 

■19 
7=           1.8 

Carbon  tetra- 

AAL-11133 

107 

107 

0 

chloride 

CAL-7493 

35.1 

32  5 

■7.4 

CAL-8746 

25.9 

• 

AAL-12029 

23  5 

23  6 

tO  4 

AAL-7001 

16.2 

a 

AAL-7009 

6  76 

6  68 

■12 
7=            2  2 

Tetrachloro- 

AAL-11133 

132 

132 

0 

ethylene 

CAL-7493 

27  6 

27.7 

+0  4 

AAL-12029 

13.6 

13  7 

*0  7 

AAL-7001 

13.3 

122 

8  3 

CAL-8746 

103 

112 

*8  7 

AAL-7009 

3  71 

357 

■3  8 
»=          3.6 

Particular  organic  showed  interference  by  a  trace  impurity  in  the  chromatogram. 
Analysis  gave  a  reliable,  consistent  value  which  was  different  from  the  gravimetric  value. 
Percent  difference  calculated  from    [Analyzed  cone.    ■  gravimetric  cone.)  x   100.   divided  by 
gravimetric    cone;    the   mean   percent   differences   (x)   represent   the   imprecision    of   the 
concentration. 
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Automated  Vapor-Generation  Instrument  for  the 
Testing  of  Chemical  Microsensors 

The  development  of  any  chemical  vapor  sensor  device  is  not  complete 
until  it  has  been  repeatedly  exposed  to  a  variety  of  challenge  vapors. 
These  vapors  should  include  those  for  which  the  sensor   was  designed  to 
be  sensitive,  as  well  as  others  that  may  appear  as  significant  interfer- 
ences in  the  environment  monitored  by  the  sensor.     Furthermore,   truly 
realistic  evaluation  of  the  sensor  performance  requires  that  the  device 
response  be  measured  while  exposed  to  mixtures  of  the  target  vapor  and 
interference  vapors.     The  generation  of  arbitrary  vapors  at  arbitrary 
(but  well  known)  concentrations  in  arbitrary  sequences  and  mixtures  is 
not  a  trivial  problem. 

A  system  was  developed  to  meet  the  requirements  of  a  complete  chem- 
ical vapor  sensor  research  and  development  program.     It  is  unique  in  its 
ability  to  generate  a  number  of  vapors  (i.e.   12)  from  either  neat  chem- 
ical liquid  bubblers  or  calibrated  permeation  tubes.     These  vapor  streams 
can  then  be  diluted,  using  computer  controlled  electronic  mass  flow  reg- 
ulators, to  cover  a  wide  range  of  concentrations.     The  system   is  also 
unique  in  its  ability  to     maintain  a  constant  flow  rate  of  vapor  supplied 
to  the  sensor  device  being  tested,  regardless  of  the  carrier  gas  flow  rate 
required  to  perform  the  desired  vapor  dilution.     This  is  accomplished 
using  a  novel  servo  controlled  piezoelectric  shunt  valve  which  diverts  all 
vapor  flow  in  excess  of  the  amount  programmed  to  be  supplied  to  the 
sensor  device.     Finally,  the  system  is  unusual  in  its  ability  to  generate 
mixtures  of  low  concentration  target  vapors  derived  from  a  permeation 
tube  and  high  concentration  interference  vapors  derived  from  bubblers. 
Such  capability  is  essential  for  studying  sensor  performance  under  real- 
istic conditions.     The  fully  automated  character  of  this  instrument  affords 
many  advantages  including  unattended  operation  during  long  sequences  of 
tests,  reduced  operator  exposure  to  toxic  chemicals  and  improved  measure- 
ment precision. 

Numerous  techniques  have  been  developed  for  generating  precise  concen- 
trations of  individual  vapors.     In  general,  dynamic  methods  that  involve 
the  addition  of  calibrated  amounts  of  vapor  to  a  flowing  stream  of  carrier 
gas  are  preferred.     These  methods  minimize  the  effects  of  wall  adsorption 
on  calibration  accuracy  and  a  wide  range  of  concentrations  can  be  pre- 
pared by  simple  manipulation  of  the  gas  flow  rates.     This  system   uses  dy- 
namic vapor  generation  methods  exclusively.     Vapors  can  be  supplied  to  the 
carrier  gas  by  the  use  of  thermostatted  permeation  tubes  or  bubblers  as 
vapor  sources. 

The  instrument  has  proven  to  be  extremely  valuable  in  conducting  chemical 
sensor  research.  Previously  untested  sensor  coating  materials  are  now  rap- 
idly screened  against  a  range  of  chemical  vapors.  The  capability  to  gener- 
ate multiple  concentrations  of  a  single  vapor,  and  to  maintain  a  constant 
flow  rate  to  the  sensor  regardless  of  the  dilution  required  to  achieve  the 
desired  concentration,  allows  calibration  curves  to  be  determined  very  con- 
veniently. Extended  sequences  of  tests  involving  target  vapors  at  low  con- 
centrations, potential  interferents  at  high  concentrations,  and  mixtures  of 
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two  vapors  are  automatically  executed  to  critically  evaluate  promising  proto- 
type sensors.     Testing  sequences  requiring  days  of  continuous  operation  are 
routinely  conducted.     The  generation  of  sensor  data  sets  of  sufficient  size 
for  the  application  of  pattern  recognition  techniques  is  a  readily  manageable 
task. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A177413/2/NAA 

Price  code:     A03 
To  discuss  this  effort  further,  contact: 
Jay  W.  Grate 
Naval  Research  Lab. 
Code  6170 

Washington,  D.  C.     20375-5000 
(202)  767-2536 
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System  Interfacing  Diagram  for  the  Vapor 
Generation  Instrument 
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Simplified  Volatile  Organics  Sampler 


The  volatile  organic  sampling  train 
(VOST)  was  originally  designed  to 
sample  very  low  levels  of  volatile 
materials  in  incinerator  effluents. 
Sampling  systems  are  needed  to  sup- 
port hazardous-waste  engineering  pro- 
jects that  require  many  semiroutine 
sampling  tests.  This  study  provided  a 
design  for  a  simplified  sampling  system 
for  medium  levels  of  volatile  organic 
compounds  (VOCs). 

Most  of  this  study  has  involved  the 
evaluation  of  sorbents  and  mixed 
sorbent  sampling  tubes  for  a  rugged, 
compact  VOC  collection  system.  This 
report  describes  the  evaluation  of 
sorbent  materials,  the  development  of 
a  sampling  tube,  and  the  laboratory 
evaluation  of  the  sampling  system  of  a 
single  tandem-bed  sorbent  tube  con- 
taining Tenax  GC  and  Spherocarb 
sorbents.  Direct  thermal  desorption  into 
a  GC/FID  or  GC/MS  provided  a  rugged 
and  simple  sampling  and  analysis 
system. 

Introduction 

The  results  of  trial  burns  of  hazardous- 
waste  incinerators  suggest  that  volatile 
principal  organic  hazardous  constituents 
(POHCs)  and  volatile  products  of  in- 
complete combustion  (PICs)  may  be  im- 
portant components  in  incinerator 
effluents.  The  collection  and  determina- 
tion of  VOCs  boiling  at  less  than  100  °C 
has  been  achieved  by  using  bags,  bulbs, 
and  the  volatile  organic  sampling  train 
(VOST).  A  methods  manual  provides  in- 
formation on  these  methods.  A  protocol 
for  the  VOST  has  been  developed  which 
allows  the  sampling  and  analysis  of 
POHCs  with  sufficient  sensitivity  to  cal- 
culate a  DRE  of  equal  to  or  greater  than 
99.99%  when  the  POHCs  are  present  in 
the  waste  feed  at  100  micrograms/g  or 
higher.  The  VOST  thus  provides  increased 
sensitivity  to  low-level  concentrations  of 
volatile  POHCs  because  of  its  ability  to 


concentrate  the  gaseous  effluent. 

This  study  provides  the  foundation  for 
a  simplified  sampling-and-analysis  sys- 
tem for  medium  concentration  levels  of 
VOCs.  Sorbent  systems  were  examined 
that  would  reduce  the  number  of  sorbent 
tubes  and  the  complexity  of  the  sampling 
system.  Also  examined  were  desorption 
methods  that  would  eliminate  the  need 
for  purge-and-trap  (PAT)  desorption  of 
sorbent  tubes.  The  objective  was  to  pro- 
vide sensitivity  sufficient  to  permit  cal- 
culating a  DRE  equal  to  or  greater  than 
99.99%  when  POHCs  are  present  in  the 
waste  feed  at  1000  micrograms  g  or 
higher. 

Conclusions 

The  sampling  system  developed  in  this 
study  should  be  a  useful  addition  to 
existing  protocols  for  sampling  and 
analyzing  VOCs  in  incinerator  effluents 
This  sampler  is  not  a  replacement  for 
VOST  but  is  intended  to  provide  a  simple 
method  of  sampling  for  use  when  ex- 
tremely low  levels  of  detection  for  POHCs 
are  not  required.  It  allows  the  sampling 
and  analysis  of  compounds  boiling  under 
150  °C  with  adequate  recoveries  (45  to 
102%)  and  detection  capabilities  (L0D  5 
to  50  ng).  The  simplified  sampling  system 
consists  of  a  single  tandem-bed  sorbent 
tube  containing  Tenax-GC  and  Spherocarb 
sorbents.  Direct  thermal  desorption  into 
a  GC  FID  or  GC  MS  provides  a  rugged 
and  simple  sampling  and  analysis  system 


R    James.   M    Bryant.   R    Adams,   and  H    Miller  are  with  Southern  Research 

Institute.  Birmingham.  AL  35255  5305 
Larry  D.  Johnson  is  the  EPA  Protect  Ollicer  (see  belowl 

The  complete  report,  entitled  "Simplified  Volatile  Organics  Sampler  "  /Order 
No  PB  87  133  468  AS.  Cost  SI 3  95.  sub/ect  to  change/  will  be  available 
only  from 

National  Technical  In/ormation  Service 
5285  Port  Royal  Road 
Spring! leld.  VA  22161 
Telephone    703  487  4650 
The  EPA  Pro/ect  Ollicer  can  be  contacted  at 

Air  and  Energy  Engineering  Research  Laboralc-ry 
US   Environmental  Protection  Agency 
Research  Triangle  Park.  NC  27711 


NT1S  Tech  Notes    November  1987 


1141 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Pulsed  Electron  Gun 

High-current  pulsed-electron  gun  has  subnanosecond  rise  times. 


A  magnetically-collimated  electron  gun 
generates  electron  pulses  with  peak  in- 
stantaneous currents  of  approximately 
70  ^A  with  pulse  widths  of  approximately 
0.35  ns.  Electrons  are  generated  ther- 
mionically  from  a  tungsten  hairpin  filament 
held  at  0.7  V  relative  to  the  housing.  Two 
coils  of  1 ,000  turns  of  wire  produce  a  mag- 
netic field  of  100  to  150  gauss,  which  in- 
creases the  electron-beam  intensity  by  a 
factor  of  20  over  that  achieved  by  conven- 


tional electrostatic  guns.  The  gun  utilizes  a 
double-pulsing  scheme  to  eliminate  space- 
charge  buildup  in  the  deflector  region. 

This  work  was  done  by  Santosh  K. 
Srivastava  and  Murtadha  A.  Khakoo  of  Cal- 
tech  for  NASA's  Jet  Propulsion  Labora- 
tory 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National  Aero- 
nautics and  Space  Act  [42  U.S.C  2457(f)], 
to  Caltech.  Inquiries  concerning  licenses 


for  its  commercial  development  should  be 
addressed  to 

Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125. 
Refer  to  NPO-16235,  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Licensing 
Opportunity 


Scanning  System  for  Laser  Velocimeter 

Interference  fringes  would  remain  parallel 
and  focus-spot  diameter  the  same. 


Scanning 
Retroreflector 


Afocal  Pair  of 
Positive  Lenses 


Negative 
Lens 


Input  Beams  From 
Laser-Beam  Splitter 


Two  Alternate  Locations 

of  Beam  Crossing 

Corresponding  to  the  Two 

Retroreflector  Positions 


Figure  1 .  A  Retroreflector  Is  Moved  to  move  the  beam  intersection.  The  solid  lines  show  the  beam  paths  when  the  retroreflector  is  in  one  posi- 
tion and  the  broken  lines  when  it  is  in  a  second  position. 


A  scanning  system  is  proposed  for  a 
laser  velocimeter  (laser  Doppler  ane- 
mometer) to  maintain  a  constant  beam- 
crossing  angle  and  beam-waist  diameter 
while  maintaining  the  beam  waist  loca- 
tions at  the  crossing  points.  Consequent- 
ly, as  the  target  fluid  is  scanned,  the  inter- 
ference fringes  formed  by  the  crossing 
beams  would  remain  parallel  and  the 


Negative  (Concave) 
Scanning  Lens 


focus-spot  diameter  the  same.  This  sys- 
tem would  allow  accurate  velocity  pro- 
files to  be  obtained  in  wind  tunnels  and 
other  fluid  flow  systems. 

In  a  typical  laser  velocimeter,  a  laser 
beam  is  split  into  two  beams  of  equal  in- 
tensity. These  two  beams  are  then  made 
to  intersect  (in  the  fluid  being  studied)  by 
being  passed  through  a  positive  (convex) 


Retroreflector 
Mirror 


Input  Beams  From 
Laser  Beam  Splitter 


Two  Alternate  Locations 

of  Beam  Crossing 

Corresponding  to  the  Two 

Negative-Lens 

Positions 


Retroreflector 
Mirror 


Figure  2.  A  Negative  Lens  is  Moved  to  move  the  beam  intersection  in  this  system.  The 
solid  lines  show  the  beam  paths  when  the  lens  is  in  one  position  and  the  broken  lines 
when  it  is  in  a  second  position. 


lens.  The  lens  also  focuses  the  beams  to 
a  small  diameter,  thus  increasing  the  light 
intensity  and  decreasing  the  effective 
probe  volume. 

The  beams  from  most  lasers  used  in 
velocimetry  have  Gaussian  intensity  pro- 
files. The  narrowest  place,  or  waist,  of  a 
Gaussian  beam  is  analogous  to  the  focus 
of  a  typical  geometric  optics  beam.  If  the 
waists  of  two  crossing  beams  do  not  coin- 
cide, the  resulting  interference  fringes 
will  not  be  parallel,  which  would  adversely 
affect  the  measurement  accuracy.  More- 
over, if  the  focus-spot  diameter  is  not  con- 
stant throughout  the  scanned  region,  this 
will  cause  a  variation  in  the  light  intensity 
and  in  the  number  of  fringes  that  can  be 
counted,  impairing  detection  instrument 
alignment. 

The  system  scans  by  varying  the  opti- 
cal path  length  between  an  afocal  pair  of 
positive  lenses  (used  to  make  the  two 
beams  intersect)  and  a  negative  lens  lo- 
cated between  the  laser-beam  splitter 
and  the  positive  lenses.  The  coincidence 
of  the  real  beam  waists  in  the  scanne^  -  e- 
gion  is  maintained  as  follows:  the  real 
waists  of  the  beams  from  the  splitter  are 
located  on  the  side  of  the  negative  lens 
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facing  the  positive  lenses  and  are  sepa- 
rated from  the  negative  lens  by  a  distance 
equal  to  the  absolute  value  of  its  focal 
length. 

In  one  version  of  the  system  a  pair  of 
scanning  mirrors  on  a  common  mount 
forms  a  retroreflective  device  (see  Figure  1). 
This  device  moves  parallel  to  the  optical 
axes  to  vary  the  optical  path  length,  thus 
translating  the  sensitive  volume.  The  neg- 
ative lens  remains  fixed  with  respect  to 
the  laser,  thereby  fixing  its  virtual  beam 
waists  on  the  right  side  of  that  lens,  one 
focal  length  away. 

Other  versions  might  include  other 
means  to  scan  the  beam  waists  to  match 
the  movements  of  scanning  lenses,  as 
distinguished  from  scanning  mirrors.  Fig- 
ure 2  shows  a  system  with  a  negative 


scanning  lens.  If  a  positive  scanning  lens 
were  used,  the  real  beam  waists  would 
be  scanned  in  such  a  way  as  to  remain 
always  one  focal  length  away  from  the 
scanning  lens  on  its  input  side. 

The  sensitive  volume  scans  farther 
and  faster  than  the  negative  lens  by  a  fac- 
tor of  the  square  of  the  magnification  of 
the  afocal  lens  pair.  An  additional  factor  of 
2  is  gained  when  the  retroreflector  is 
placed  between  the  scanning  lens  and 
the  afocal  lens  pair. 

This  work  was  done  by  William  D. 
Gunter  and  Anemarie  De  Young  of  Ames 
Research  Center 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  rights  for  the  commercial  use 
of  this  invention  should  be  addressed  to 


the  Patent  Counsel,  Ames  Research  Cen- 
ter Refer  to  ARC-11547.  /TN 

Ames  Research  Center 

Technology  Utilization  Officer: 

LauranceA.  Milov 

Mail  Code  204-10 

Moffett  Field,  CA  94035 

(415)694-5761 

Patent  Counsel: 

Darrell  G.  Brekke 

Mail  Code  200-1 1 

Moffett  Field,  CA  94035 

(415)  694-5104 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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High-Pressure  Transducer  Package 

An  enclosure  for  a  silicon  device  ensures 
accurate  measurements  of  cryogenic  liquids. 


A  package  for  a  semiconductor  pres- 
sure sensor  withstands  pressures  of  20 
kpsi  (138  MPa)  and  temperatures  ranging 
from  -423  to  +259  °F  (-253  to 
+ 126  °C).  The  package  holds  the  silicon 
sensor  in  uniform  compression  around 
its  periphery  and  thus  helps  to  ensure  ac- 
curate, stable,  and  repeatable  pressure 
measurements. 

The  sensor  is  constituted  of  a  thick  dia- 
phragm in  a  mounting  assembly  that  in- 
cludes a  tempered-glass  washer  and  sili- 
con nitride  backing  plates  (see  figure).  A 
glass  plate  seals  a  vacuum  chamber  on 
the  top  side  of  the  silicon  chip;  the 
chamber  serves  as  a  pressure  refer- 
ence. The  materials  were  chosen  to 
match  closely  the  thermal-expansion  co- 
efficient of  silicon  and  thereby  minimize 
thermal  stresses  over  the  wide  operat- 
ing-temperature range. 

The  silicon  nitride  is  hot-pressed  to 
eliminate  porosity  and  to  prevent  leakage 
and  outgassing  into  the  vacuum  cham- 
ber. Conductors  from  the  chip  wires  to 
the  external  leads  are  deposited  onto 
one  of  the  silicon  nitride  backing  plates. 
Joints  between  the  layers  are  hermeti- 
cally sealed. 

The  mounting  assembly  is  placed 
against  an  interface  plate  in  the  sensor 
package.  The  plate  is  made  of  Invar  (or 
equivalent)  nickel/iron  alloy  to  match  the 
thermal-expansion  coefficients  of  the  as- 
sembly materials.  It  is  polished  to  a  high 
degree  of  surface  flatness,  as  are  the 
backing  plates  and  the  silicon  chip,  to 
minimize  the  transmission  of  error-caus- 
ing stress  concentrations  from  the  pack- 
age to  the  chip.  A  metal  V-ring  between 
the  lower  backing  plate  and  a  stainless- 
steel  package  base  distributes  the  com- 
pressive load  uniformly  around  the  struc- 
ture. The  high-pressure  medium  (which 
may  be  liquid  oxygen  or  nitrogen  or 


Silicon  Chip 
(See  Detail  Below)" 


4^ 


Cable  to 

Electrical 

Connector 


Silicon-Chip 
■  Mount 
(See  Detail  Below) 


Metal 
V-Ring 


Silicon  Nitride 
'  Backing  Plates 


Silicon  Chip 


Pressure 
SILICON  CHIP  AND  MOUNTING  ASSEMBLY 


The  Mounting  Assembly  is  Housed  in  a  Package  of  stainless  steel.  The  materials  were 
selected  for  equality  of  thermal  expansion  and  for  pressure-sealing  properties.  Besides  its 
high-pressure,  low-temperature  characteristics,  the  package  can  withstand  vibration  as 
severe  as  400  times  the  standard  gravitational  acceleration  at  0  to  2.000  Hz. 
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gaseous  helium,  nitrogen  oxides,  hydro- 
gen, air,  or  water  vapor)  contacts  the  chip 
through  a  bore  in  the  base. 

The  chip  contains  a  thin-film  resistor 
network  on  its  high-pressure  (lower)  side. 
The  network  is  trimmed  by  a  laser  to  cali- 
brate the  sensor.  To  eliminate  the  effects 
of  packaging  stresses  that  may  have 
been  introduced  despite  precautions,  the 
trimming  is  done  after  the  chip  has  been 
installed  in  the  package. 


This  work  was  done  by  D.  Wamstad 
andM.  Glenn  of  Honeywell,  Inc.,  for  Mar- 
shall Space  Flight  Center. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National 
Aeronautics  and  Space  Act  [42  U.S.C 
2457(f)]  to  Honeywell,  Inc.  Inquiries  con- 
cerning licenses  for  its  commercial 
development  should  be  addressed  to 


Honeywell,  Inc. 

Solid  State  Electronics  Division 
12001  State  Hwy.  55 
Plymouth,  MN  55441-4799 
Refer  to  MFS-28054,  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Ionization  Chamber  Measures 
Extreme  Ultraviolet 

Absolute  photon  fluxes  are  measured  from  50  to  575  A. 


An  ionization  chamber  operates  in 
nearly  total  photon  absorption  as  a  stable, 
self-calibrating  detector  of  ionizing  ex- 
treme ultraviolet  radiation.  The  working 
gas  of  the  instrument  is  neon,  the  photo- 
ionization  properties  of  which  are  well 
known  and  readily  applicable  to  absolute 
measurements.  Designed  for  measure- 
ments of  the  solar  ultraviolet  flux  aboard 
a  sounding  rocket,  the  instrument  could 
also  be  used  on  Earth  to  measure 
ultraviolet  radiation  in  vacuum  systems. 
(The  instrument  cannot  be  used  in  air  be- 
cause air  is  opaque  in  its  wavelength 
range.) 

The  chamber  (see  figure)  includes  a 
long,  narrow  ionization  region  surround- 
ed by  a  gapped  cylindrical  positive  bias 
electrode.  A  negative  ion-collecting  elec- 
trode is  placed  in  the  gap.  A  series  of 
electrodes  in  front  of  the  entrance  aper- 
ture collect  ions  that  enter  from  the  out- 
side to  prevent  them  from  contributing 
spuriously  to  the  photoionization  current. 

Neon  gas  is  periodically  admitted  to 
the  chamber.  Ultraviolet  photons  enter 
through  the  aperture  and  are  absorbed 
by  ionization  of  neon  atoms.  The  resulting 
positive  neon  ions  are  repelled  by  the 
positive  electrode  and  collected  by  the 
negative  electrode,  while  the  photoelec- 
trons  travel  to  the  positive  electrode.  The 
ions  are  collected  rapidly  enough  to  avoid 
a  significant  amount  of  electron/ion  re- 
combination. 

Care  is  taken  to  prevent  photoelec- 
trons  from  being  emitted  by  solid  sur- 
faces and  contributing  to  the  measured 
current.  When  the  instrument  is  aimed  at 
the  radiation  source,  the  electrodes  fall  in 
the  shadow  of  the  entrance  aperture,  and 
no  radiation  strikes  the  electrodes  to  pro- 


Entrance       Negative  Electrode      Ionization 
Aperture  (Ion  Collector)  Region 


Ultraviolet  Light 


Rear-Surface 

Photoelectron  Ion 

Trap  Collector 


Rear 


Positive 
Bias  Electrode 


SECTION  AA 


The  Ionization  Chamber  collects  positive  neon  ions  and  electrons  produced  by  the  irra- 
diation of  neon  gas  by  ultraviolet  photons.  Approximately  one  ion  is  produced  by  each 
photon;  consequently,  the  photoionization  current  is  nearly  proportional  to  the  photon 
flux. 


duce  photoelectrons  there.  An  electron 
trap,  consisting  of  a  honeycomblike  bun- 
dle of  long,  thin  tubes,  is  placed  at  the 
rear  of  the  chamber  to  suppress  the  ef- 
fects of  photoelectrons  from  that  region. 
However,  because  the  instrument  oper- 
ates with  neon  pressures  sufficient  for 
nearly  total  photon  absorption,  there  is 
very  little  photon  energy  available  to  ex- 
cite photoelectrons  at  the  rear  surfaces. 
The  potential  difference  between  the 
electrodes  is  set  at  21.0  V,  which  is  in  the 
plateau  region  of  the  ionization-current- 
versus-potential  curve.  The  instrument  is 
operated  on  a  32-second  cycle,  during 
which  the  neon  gas  is  admitted  into  the 
chamber,  then  allowed  to  escape  through 
the  aperture.  The  photocurrent  is  meas- 
ured along  with  the  decaying  neon  pres- 
sure. A  pressure-independent  photocur- 


rent reading  is  obtained  by  extrapolating 
the  upper  straight-line  portion  of  the  re- 
sulting current-versus-pressure  curve  to 
zero  pressure. 

The  long-wavelength  limit  of  the  instru- 
ment is  575  A,  corresponding  to  the 
21 .56-eV  ionization  potential  of  neon.  The 
short-wavelength  limit  is  about  50  A, 
below  which  the  photoionization  cross 
section  of  neon  decreases.  Between 
these  limits,  each  absorbed  photon  pro- 
duces one  singly  charged  ion  (to  a  close 
approximation)  so  that  the  photoioniza- 
tion current  can  be  considered  propor- 
tional to  the  photon  flux. 

This  work  was  done  by  Robert  W. 
Carlson  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory    NPO-16369  H'N 
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Licensing 
Opportunity 


Catalytic  Layer  Makes  Aircraft  Seats  More 
Fire  Retardant 

A  catalytic  layer  covered  by  aluminum  foil  converts 
flammable  gases  to  nonflammable  products. 


A  specially  constructed  cushion  re- 
tards fires  in  aircraft  seats  through  the 
action  of  a  catalytic  matrix  that  cracks 
the  flammable  gaseous  decomposition 
products  to  less  flammable  species.  The 
improved  cushion  contributes  substan- 
tially to  fire  safety  without  adding  signifi- 
cantly to  weight  or  to  manufacturing  cost. 

The  flammable  vapors  produced  by 
the  thermal  decomposition  of  conven- 
tional foam  seat  cushions  are  considered 
to  be  among  the  major  contributors  to  the 
spreading  of  fires  inside  aircraft.  Flexible 
poly(urethane)  foams,  currently  consid- 
ered the  best  cushioning  materials  in 
view  of  their  mechanical  properties  and 
costs,  are  also  the  most  thermally  sensi- 
tive: They  decompose  above  250  °C, 
yielding  large  quantities  of  highly  com- 
bustible pyrolysis  vapors.  These  foams  ig- 
nite easily  and  sustain  flame  propagation 
even  after  removal  of  the  igniting  sources. 

Although  the  fire  retardants  commonly 
added  to  urethane  foams  increase  the  re- 
sistance to  low-temperature  ignition,  they 
have  little  or  no  effect  on  the  maximum 
rate  of  decomposition,  the  temperature 
at  which  it  occurs,  or  the  vapor  yield; 
under  sustained  radiant  heating  both  fire- 
retarded  and  non-fire-retarded  flexible 
poly(urethane)  foams  emit  the  same  aver- 
age amounts  of  combustible  gases.  The 
flammability  of  a  cushion  can  be  reduced 
by  a  covering  that  when  heated  emits 
cooling  water  vapor.  Unfortunately,  the 
use  of  such  a  "transpirational-cooling" 
material  would  increase  the  weight  of 
each  seat  by  an  estimated  1.8  kg. 

These  problems  are  avoided  in  the 
new  fire-blocking  cushion  shown  in  the 
figure.  The  flammable  urethane-foam 
cushion  is  covered  by  a  flexible  matrix 
that  catalytically  cracks  the  combustible 
organic  vapors  at  the  temperature  of 
their  generation.  The  resulting  products 
are  coke,  tar,  and  other  less  combustible 


Decorative  Fabric 
Outer  Covering 


Incident  Heat  Flux 


Fire-Retarding 
Catalyst  Layer 


Polyurethane-Foam 
Cushion 


In  this  Fire-Blocking  Covering  for  an  Aircraft  Seat  Cushion,  flammable  pyrolysis  products 
are  cracked  to  less  flammable  species  by  a  catalytic  layer  covering  the  foam  core  of  the 
cushion.  The  aluminum  foil  holds  in  the  pyrolysis  vapors  to  promote  catalvs's  and  prevent 
the  spread  of  fire  by  the  ignition  of  released  vapors 


species.  These  catalysts  should  be  resis- 
tant to  high  temperatures,  have  low  ther- 
mal conductivity,  and  be  resistant  to  py- 
rolysis: such  materials  include  tightly 
woven  fabrics  and  felts  of  poly(p-pheny- 
lene  terephthalamide),  heat-stabilized 
polyacrylonitriles,  and  poly(benzimida- 
zoles). 

The  catalytic  cracking  is  enhanced 
when  the  catalyst  is  covered  by  a  gas- 
barrier  layer,  which  increases  the  resi- 
dence time  of  the  gases  in  the  catalyst 
fabric.  Heavy  aluminum  foil  is  an  effective 
gas  barrier.  Its  high  thermal  conductivity 
contributes  further  to  fire  resistance  be- 
cause it  conducts  the  heat  quickly  away 
from  the  burning  area. 

Somewhat  unexpectedly,  the  new 
cushion  design  was  found  to  be  more  re- 
sistant to  fire  when  the  polyurethane 
cushion  did  not  contain  a  fire-retardant 


material.  One  possible  explanation  is  that 
fire-retardant  materials  scavenge  free 
radicals  that  would  otherwise  take  part  in 
the  cracking  reactions. 

This  work  was  done  by  John  A.  Parker 
and  Demetrius  A.  Kourtides  of  Ames  Re- 
search Center 

This  invention  is  owned  by  NASA, 
and  a  patent  application  has  been  filed. 
Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel.  Ames 
Research  Center  Refer  to  ARC-11423 
/TN 

Ames  Research  Center 
Technology  Utilization  Officer 
Laurance  A  Milov 
Mail  Code  204-10 
Moffett  Field,  CA  94035 
(415)694-5761 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field.  CA  94035 
(415)694-5104 
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Fact  Sheet     Resource 


Waterborne  Commerce  Statistics  Center 

This  center  offers  a  number  of  specialized  products  and  services  providing 
statistical  information  on: 

.     Waterborne  Commerce  of  the  United  States  (WCUS); 

.     Transportation  Lines  of  the  United  States; 

.     Summary  of  U.  S.  Flag  Vessels; 

.     Transportation  Lines  -  Vessel  Master  File  Recorded  on  Computer 
Tape; 

.     Transportation  Lines  -  Operator  Master  File  Recorded  on  Computer 
Tape; 

.     Principal  Ports  Tonnage; 

.     Special  Requests  for  Statistical  Data; 

.     The  Reporting  Responsibility  for  Commercial  Waterborne  Trans- 
portation. 

One  series  of  data  includes  detailed  information  on  commercial  movement 
of  foreign  and  domestic  cargo.     It  is  listed  by  commodity  and  traffic. 
Another  available  series  of  data  contains  information  on  the  vessel  operators 
and  their  American  Flag  vessels  operating  or  available  for  operation  in  the 
transportation  of  freight  and  passengers.     It  covers  vessel/operators  and  ad- 
dresses; vessels,  type  and  construction,  net  registered  tonnage,  length,  breadth, 
draft,  horsepower,  carrying  capacity,  etc;  and  description  of  operations,  type 
of  service,  principal  commodities  carried  and  localities  served. 

The  center  not  only  offers  publications  containing  this  data,  but  also  handles 
special  requests. 

For  further  information  about  the  center  contact: 

Waterborne  Commerce  Statistics  Center 

U.  S.  Army  Corps  of  Engineers 

P.  0.  Box  61280 

New  Orleans,  LA     70161-1280 

(504)  862-1404 
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